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This plastic radome houses a radar antenna constantly scanning the skies to detect the presence of aircraft. 
A line of these radars provides early warning of any threatening approach to the North American continent. 


The Distant Early Warning Line is now on perpetual guard duty. Spanning the 
Arctic from Baffin Island to Alaska, this great system was conceived at the Lincoln 
Laboratory of M.I.T. and produced under the leadership of Western Electric. 


But first the DEW Line had to be engineered into a workable system. This was 
done at Bell Telephone Laboratories. 


The obstacles were formidable. Conventional means of communication—telephone 
poles, cables and even line-of-sight microwave radio—weren’t feasible. A complicated 
system had to be made to operate reliably in a climate so cold that outdoor maintenance 
is impracticable farther than a few hundred feet from heated habitation. 


Whenever possible, Bell Laboratories engineers utilized well-proven art. But as it 
became necessary, they innovated. For example, they designed and directed the devel- 


opment of a new and superior radar which automatically scans the skies, pinpoints a 
plane and alerts the operator. 


To reach around the horizon from one radar station to another, they applied on a 
massive scale a development which they pioneered—transmission by tropospheric scatter. 
Result: at a DEW Line Station you can dial directly a station more than a thousand miles 
away and converse as clearly as with your home telephone. 


Bell Laboratories’ contribution to the DEW Line demonstrates again how telephone 
science works for the defense , oft America. 
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is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available . . . at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 


@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 

@ Over 90 Peptides @ Enzymes — Purified @ Purified Proteins 

@ More than 200 Nucleoproteins, @ Growth Factors @ Fatty Acids 
Purines, Pyrimidines @ Steroid Hormones @ Antibiotics 


@ Miscellaneous Biochemicals © Biological Salt Mixtures @ Alkaloids 













@ Vitamins Biological Test Materials @ Glandular Substances 
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ELEMENTARY STATISTICS, WITH APPLICA- 
TIONS IN MEDICINE & BIOLOGICAL SCIENCES, F. X. 
Croxton. Suitable for all sciences, all important concepts & 


AE506. 


formulas covered. 420 pp. Paperbd. $1.95 
AE491. FROM EUCLID TO EDDINGTON, Sir Edmund 
Whittaker. Changing concepts from rediscovery of Euclid 
to moderns. Foremost physicist presents basic ideas sep- 
arated from math. 212 pp. Paperbd. $1.35 
AE367. 101 PUZZLES IN THOUGHT & LOGIC, C. Wylie, 
No math needed. Solutions. 128 pp. Paperbd. $1.00 
A295. HOW TO CALCULATE QUICKLY, H. Sticker. ‘Tried, 
true method. 9,000 problems, solutions. 256 pp. 
Paperbd. $1.00 
AE449-50. STUDIES ON STRUCTURE & DEVELOPMENT 
OF VERTEBRATES, E. S. Goodrich. Unabridged. ‘“‘For many 
a day will be standard work on vertebrate morphology,’’ J. 
OF ANATOMY. 754 illusts. Total 906 pp. 
2 vol. set, paperbd. $5.00 
AE109. VECTOR & TENSOR ANALYSIS, G. E. Hay. Start 
with simple definitions. 201 pp. Paperbd. $1.75 
AE164. INTRO. TO SYMBOLIC LOGIC, Susanne Langer. 
Perhaps clearest introduction. 368 pp. Paperbd. $1.75 
AE460. ELEMENTS OF NON-EUCLIDEAN GEOMETRY, D. 
Sommerville. Progressive text with exercises. Unique, lucid. 
129 figures. 290 pp. Paperbd. $1.50 
AE494. INTRO. TO GEOMETRY OF N DIMENSIONS, G. 
Sommerville. Only book in English. 60 diagrams. 196 pp. 
Paperbd. $1.50 
AE454. VECTOR ANALYSIS, INTRO. TO TENSOR ANALY- 
SIS, A. Wills. Need only elementary calculus for this 
clear exposition. Working examples. 312 pp. Paperbd. $1.75 
AE452. INTRO. TO FOURIER METHODS & LAPLACE 
TRANSFORMATIONS, P. Franklin. Requires only simple cal- 
culus. Clear. 828 problems, answers. 300 pp. Paperbd. $1.75 
AE193. HIGHER MATH FOR STUDENTS OF CHEMISTRY 
& PHYSICS, J. W. Mellor. Analytical, integral calculus; in- 
finite series, functions, Fourier’s theorem, etc. in practical 
approach based on concrete situations. 800 problems. 650 
Dp. Paperbd. $2.25 
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The author carefully considers source material, and examines 


sources, experiments and observations, and shows the rationale of 
much that is sometimes considered supernatural or ‘‘beyond sci- 
He spends more than 100 pages considering the psycho- 
logical mechanisms involved in types of delusions and hallucina- 
tions, and throughout takes into account such factors as sugges- 
tion, mental dissociation, hysteria, and drugs which cause mental 
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AE505. YOGA: A SCIENTIFIC EVALUATION, Kovoor 
Behanan. Written under auspices of Institute of Human Re- 
lations at Yale; unabridged reprinting of 1st (probably 
only) serious scientific account. Author’s observations in 
India and controlled lab experiment in America, emphasis 
on physiological fact. Such topics as yoga philosophy & 
theory, relation of yoga to western psychology, seemingly 
supernatural results, control of hitherto involuntary proc- 
esses, therapeutic effects, similar topics. Author’s approach 
is rational: ‘‘More experimental work, less mystery monger- 
ing.’’ Foreword by W. Miles, Yale. 17 photos. 299 pp. 

Paperbd. $1.65 
AE492. SYMBOLIC LOGIC and GAME OF LOGIC, Lewis 
Carroll. Not modern symbolic logic, but collection of mathe- 
matical amusements based on classical logic. All genial wit 
& humor of the Alice books. Altogether over 400 recrea- 
tions in these 2 books bound together. Counters for game 
of logic included. Solutions. Total of 330 pp. 

Paperbd. $1.50 
AE493, PILLOW PROBLEMS and A TANGLED TALE, Lewis 
Carroll. Together with above book comprises all Carroll’s 
mathematical amusements. PILLOW PROBLEMS, until now 
available only as rare book costing up to $35, contains 75 
delightful problems, while TANGLED TALE presents puz- 
zles in story form. Solutions. Total of 280 pp. 

Paperbd. $1.50 
AE482. LINEAR GROUPS WITH EXPOSITION OF THE 
GALOIS FIELD, L. E. Dickson. Most thorough exposition 
of Galois fields in English, with survey of known simple 
groups of finite order. In range of graduate student. 327 
pp. Paperbd. $1.95 


ILLUSIONS AND DELUSIONS OF THE 
SUPERNATURAL AND THE OCCULT 
D. H. Rawcliffe, $2.00 


This is the first publication in America of the most comprehensive 
and most penetrating analysis of seemingly supernatural phe- 
nomena ever prepared, Written by a psychologist who has spent 
years investigating ‘‘psychic phenomena’ of all sorts, it contains 
illuminating discussions and explanations of hundreds of beliefs 
and practices, ranging from voodoo, black magic, belief in vam- 
pire and demons to the ouija board, multiple personality, posses- 
sion, ghosts, the Indian rope trick (which is possible) and other 


zoerastry, hemothymia, xenoglossia, etc. 


This book is indispensable for anyone who is interested in a 
scientific evaluation and explanation of the strange phenomena 
which sometimes occur or are claimed to occur. 
the factors which enable primitive claptrap to survive in our day, 
and will also show you many aspects of your own mind which 
you have probably not suspected. It is also one of the most inter- 


second-hand 


esting books in its area. 


bibliography. Index. 551 pp. 
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SAY IT language phrase books 


Cover most matters of travel, daily life abroad; no dead- 
wood. Use for travel, supplement to texts, self-study. Each 
contains more than 1,000 foreign language sentences, 
phrases, phonetic transcription, English. Only completely 
indexed books on the market. 128 to 196 pp. each. Sewn 
binding, sturdy paperbound. 3%, x 5%. 


AE811 Spanish 60¢ AE817 Dutch 75¢ 
AE807 Japanese 60¢ AES10 Russian 75¢ 
AE812 Swedish 60¢ AE815 Yiddish 75¢ 
AES06 Italian 60¢ AES21 Turkish 75¢ 
AES805 Hebrew 60¢ AE808 Polish 75¢ 
AE809 Portuguese 75¢ AE813 Modern Greek 75¢ 
AE814 Norwegian 75¢ AE819 Esperanto 75¢ 
AES804 German 60¢ 

AE801 English (for German speakers) 60¢ 

AE802 English (for Spanish Speakers) 60¢ 

AE816 English (for Italian speakers) 60¢ 


AE496. PHRASE & SENTENCE DICTIONARY OF SPOKEN 
RUSSIAN, Russian-English, English-Russian. War Dept. 
Manual TM 30-944. Over 20,000 immediately useful sen- 
tences, phrases. 570 pp. 6x9. Paperbd. $2.75 


AE495. PHRASE & SENTENCE DICTIONARY OF SPOKEN 
SPANISH, Spanish-English, English-Spanish. War Dept. 
Manual TM 30-900. Over 20,000 immediately useful sen- 
tences, phrases. 511 pp. Paperbd. $1.75 
AE489. ON MATHEMATICS AND MATHEMATICIANS, R. 
Moritz. More than 1100 aphorisms, anecdotes, passages by 
mathematicians, and non-mathematicians on nature of 
math. specific fields, etc. Best browsing book in field. 410 
pp. Paperbd. $1.95 
AE395. TREES OF THE EASTERN & CENTRAL UNITED 
STATES AND CANADA, W. M. Harlow. Noted dendrologist 
covers 140 native trees with full text, over 600 photos. 
Will enable you to identify any tree you are likely to see. 
301 pp. Paperbd. $1.35 





Dr. Rawcliffe’s book, which is recognized as the standard survey 
of its fleld, is wide in range, and his treatment throughout is 
thorough, fair, and reasonable. He offers one of the finest exami- 
nations of the evidence for ESP and PK adduced by Rhine and 
Soal, and provides a great deal of material on aspects of abnormal 
psychology not usually discussed in books for laymen: oniomania, 


Preface by Julian Huxley. 14 photos. Formerly entitled, British 
edition, ‘‘Psychology of the Occult.’’ Glossary of terms. 
AE503 Paperbd. $2.00 
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AE500. MESON PHYSICS, R. E. Marshak. Basic theory, 
plus experimental results thru 1952; emphasis on theory 
and real meson processes. 390 pp. Paperbd. $1.95 


AE424. COMPUTATIONAL METHODS OF LINEAR ALGE- 
BRA, V. Faddeeva. ist English translation, only known 
English work to provide systematic exposition of most 
important methods of linear algebra. 23 revised computa- 
tional tables. 263 pp. Paperbd. $1.95 


AE502. THEORY OF FUNCTIONALS & OF INTEGRAL & 
INTEGRAL DIFFERENTIAL EQUATIONS, V. Volterra. 1st 
systematic treatise on domain of functionals; exposition of 
theory, dealing primarily with integral equations. No 
previous knowledge needed. 266 pp. Paperbd. $1.75 


AE504. ADVANCED CALCULUS, E. B. Wilson. Compre- 
hensive most useful text, with immense amount of funda- 
mental, well presented material. Middle level. More than 
1300 exercises. 575 pp. Paperbd. $2.45 


AE501. TABLE OF INCOMPLETE ELLIPTIC INTEGRAL 
OF THE THIRD KIND, R. Selfridge, J. Maxfield. 1st com- 
plete 6 place table, auspices of U.S. Naval Ordnance test 
station. For engineers, physicists, etc. 830 pp. 

Clothbd. $7.50 


AE509. HISTORY OF THE CALCULUS & ITS CONCEP- 
TUAL DEVELOPMENT, C. Boyer, Formerly Concepts of the 
Calculus. From Greeks to moderns, fundamentals of mathe- 
matical thought. 370 pp. Paperbd. $2.00 
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It will explain 


25-page 
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AE198. MATHEMATICAL PUZZLES FOR BEGINNERS & 
ENTHUSIASTS, G. Mott-Smith. 188 puzzles in inference, 
algebra, number properties, etc. 248 pp. Paperbd. $1.00 
AE394. FADS & FALLACIES IN NAME OF SCIENCE, 
Martin Gardner. Puzzle editor of Scientific American in 
standard coverage of cults, delusions, like Atlantis, flying 
saucers, dianetics, orgone energy. 395 pp. Paperbd. $1.50 
AE465. HOAXES, C. MacDougall. Prof. of Journalism at 
Northwestern analyzes more than 350 hoaxes in art, science, 
history. Delightful reading. 347 pp. Paperbd. $1.75 
AE377. FOUNDATIONS OF PHYSICS, R. Lindsay, H. 
Margenau. Bridge between semipopular & technical treatise, 
covering basic ideas behind physics. ‘‘Unreservedly recom- 
mended,’’ NATURE. 537 pp. Paperbd. $2.45 
AE370. CALCULUS REFRESHER FOR TECHNICAL MEN, 
A. A. Klaf. Unique refresher in terms of 756 key ques- 
tions. Also 556 problems, odd-numbered with solutions. 
Practical aspects. 440 pp. Paperbd. $2.00 
All books standard 5% x8” unless otherwise Indicated. 


Dept. 218AE. Dover Publications, Inc. 
1 180 Varick St., New York 14, N.Y 
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It's great to be proud of 
the place you work 


To some engineers, a job is a job is a job. But 
it doesn’t have to be. It can be a career to take 
pride in, the way the engineers and scientists at 


Autonetics do. 

These young men have already made Autonetics 
a leader in electronics and electromechanics. For 
example, they designed the inertial navigation 
systems for the USS Nautilus and Skate and the 
monopulse radar system for the Air Force’s F-105. 

These same young men now are working on new 
developments—an even more advanced inertial 
navigation system for the first nuclear-powered 
Polaris-carrying submarines...the guidance and 
control systems for the Minuteman and GAM-77 
missiles... and many more. 

Today at Autonetics there is room for engineers 
and scientists who want to have a part in these 
history-making activities. Please send your resume 
to Mr. fg. p, Benning, 9150 East Imperial High- 


way, Downey, California. 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


Downey, California 


INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL / DATA PROCESSING 


Jig 


Among the achievements of Autonetics’ young men: the first successful 
airborne all-inertial navigation system... first navigation system accurate 
enough to guide. the USS Nautilus and Skate on their historic voyages 
beneath Arctic ice... first successful automatic star tracking by an iner- 
tial navigation system during daylight flight...first completely maneu- 
verable, inertially stabilized gyro platform... first successful completely 
automatic landing system for supersonic missiles and aircraft .. . first 
transistorized portable digital computer with “big computer” capabilities. 


See 
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Bo B. AMAZING TELESCOPE BUYS ‘ 


* AND OTHER OPTICAL BARGAINS 


American Made — See the Stars, Moon, Planets Close Up! 
ore 0%, Saving , seay | ..3” ASTRONOMICAL REFLECTING TELESCOPE 


Years in development. Equals $300 to 60 to 160 Power—An unusual Buy! Famous Mt. Palomar Type 
$400 instrument. Precision American : READY TO USE! You’ll see the Rings of Saturn, the fascinating planet Mars, huge 
made. Used for checking, inspecting, craters on the Moon, Star Clusters, Moons of Jupiter in detail. Galax- 
small assembly work. Up to 3” work- ies! Equatorial mount with lock on both axes. Aluminized and over- 
ing distance. Clear, sharp, erect coated 3” diameter high-speed f/10 mirror. Telescope comes equipped 
image. Wide, 3 dimensional field. 2 with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to f 
sets of objectives on rotating turret. 160 power. An Optical Finder Telescope, always so essential, is also 
23X and 40X. 10 Day Free Trial. included. Sturdy, hardwood, portable tripod. 


Stock No. 85,056-W ... "tt $99.50 : : Free with scope! Valuable STAR CHART and 272 page ‘‘Astronomy Book.” 
f.0.b. Barrington, Photographers! This is an actual photograph Stock No. 85,050-W $29. 











tx ad cles viemie ws b/s secant 95 Postpald 
Low Power Supplementary Lens Attachment for above Stereo of the moon taken through our Astronomical 

° 4%" Reflecting Telescope—up to 270 Power 
—provides 15X di to 6X with clear, extra large 1 Telescope by a 17-year student. 
daa at 6X. vials vines ree 1% ec daheg Be Stock No. 85-006-W ............ $74.50 F.0.B. Barrington, N.J. 
SE Tie. DOIG oven dil iciasess coun $7.50 











To the scientific world the AT LAST p 
nines Callas ls ad giant availability of this low- AFTER DECADES OF EFFORT! 









‘ ' 
Only possible because it em- cost Replica Grating film — 
ploys newly developed replica ae 
grating film—with 13,400 lines per inch. This grating is is just a small event, but —— 
mounted in aluminum tube 4%4” long, %” dia., with a to us who have been striy- 1A00LINES REPLICA GRATINGS 
fixed slit. Excellent for demonstrating spectrum; to see ° : 
spectral lines of gases; for recognizing transmission and ing to bring low-cost 


absorption bands of colored glasses, filters, dyes. Also will ientifi items t h H 1 
identify more prominent Fraunhofer Lines. acmmnees neg o te Take Unusual Color Photos at Night! 























eet a SAMO . 00: ee $2.50 Postpald general public for years, [isovoss = See All the Colors of the Spectrum ; 
<< RESETS it is a MAJOR event—so The passage of a system of light waves past the edge of an obstacle is ac- 
odes ot thal we f companied by a phenomenon known as diffraction. White light is broken up 
WAR SURPLUS AMERICAN-MADE Dp use 0 into the colors of the spectrum. Rulings of thousands of lines per inch have 
the word amazing! When been made on glass to produce diffraction gratings. High price replicas of 
7x50 BINOCULARS = these have been made for years. Diffraction Grating has been used to answer 
; ; you purchase a piece of more questions about the structure of the material world and the universe than : 
oe ae trey aon this and play and experi- any peg single ~~ ng we bring you film transmission Replica Grat- 
— . m4 ings at a very, very low price. t 
en of — gp Bann oS — ment with it, | believe you ion go Pong Rg Bg Eh ng inch running the long way. The film is & f 
ass—th - f n nches wide, abou nehes covered with replica lines. Thickness about 
satellite tiewine. — ae will agree with me that it .005”. Dispersion about 24°. Use it for making spectroscopes, for experi- i 
‘ cus. age ‘.° : og yea bog Mee is amazing! ments, as a fascinating novelty. It’s new, it’s really wonderful—order today. i 
ineluded. pron 7 x See ually cost $195. Our ~ Stee Ar? 750.208." ye yy he 8 nv a 4 
surplus price saves- you real money. N. W. Edmund, President > Pose: ‘ae : piers pleces 8” x 542” ‘tie 4 
Stock No. 1533-W .. only $55.00 pstpd. (Tax Included) Edmund Scientific Co. ts cting type... sees ee eees $2.00 Pstpd. 
Stock No. 50,180-W .. 1 plece transmission type 8 In. x 6 ft. $5.95 Pstpd. 
EE Stock No, 50,203-W .. 1 pleee reflecting type 8 In. x6 ft. $10.95 Pstpe. 





TWO-STAGE ROCKET TOY— 


Simple, safe — demonstrates principles of jet 
rockets. Uses water and air as fuel. First stage 
soars up 200 to 300 ft.—then 2nd stage is 
automatically released, going still higher. A 
2nd stage satellite is also included and may be 
substituted. Made of Butyrate plastic. Set in- 
cludes fuel supply tank and air injection pump. 


CLOSE OUT! 
MECHANICAL 
DRAWING SET 


Regular Price $18. 


ERECT IMAGE LOW 
POWER MICROSCOPE 
5X, 10X, 20X ' 


$80.00 Value — Only $19.95 














Our Price Only $6.00 0 Pitt. Extremely sturdy with rack and pinion f 
Stock No. 70,157-W ......... $2.98 pstpd. focusing, color corrected optics, turnable i 
American mfr. couldn’t compete with foreign imports— microscope body for inclined viewing, three 
IN| tus you cet a terrific bargain, even far below import different powers, long working distance un- fl 
prices. 10 handsome pieces in velvet-lined case. Nickel pak re, ee - “~~ ~~ 4 i 
plated brass—precision American-made. We guarantee rom war surplus optica rument so that you actua { 
BUILD A SOLAR ENERGY FURNACE you'll be satisfied or money refunded. get $80.00 of value. Weighs 4 lbs., 13” high. 10-DAY a 
Good Geophysical Year Project FREE TRIAL! Accessory objectives available for powers F 

A fascinating new field. You can build Stock + a td asses 6% 5 Sets fo ; $5. = Ren ary of 15X, 30X, 40X. 

: u : m 

ee, aie ER cae ee 10 Sets for $5.00 each Postpald | Stock No. 70,172-W .............. $19.95 Postpald 
inexpensive—use your scrap wood. We f 
furnish instruction booklet. This sun he 
powered furnace will generate terrific i 
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Optics for the Space Era! OPTICAL BUYS 
Optics for the Science Class! 


Write for this amazing Catalog! You won't be sorry! 96 pages — 
hundreds of illustrations, charts, diagrams. A treasure-house of 
optical information . , . bargains galore. Scopes for observing Satel- 
lites, Moon Planets, Rockets. Optics for classroom, research labs, 
experimenters, hobbyists! Instruments for checking, measuring. We 


GIANT MAGNETS! 
TERRIFIC BARGAINS! 


War surplus—Alnico V_ type. 
Horseshoe shape. Tremendous 
lifting power. 5 lb. size. Di- 
mensions: A—3%"; B— 
2%”; C—4-3/16"; D—1\”"; 


heat 2000° to 3000°. Fuses enamel to | 
metal—produces many unusual fusing j 96 PAGES! 
effects. Sets paper aflame in seconds. Use our Fresnel Lens 
—14%” diameter... f.l. 14”. é OVER 1000 
Stock No. 70,130-W Fresnel Lens ...... $6.00 Postpaid 





E—1%"; F—25,". Strength fe p | fs give you FACTS, no fluff. Tell you what it is — how it works — 
is about 2,000 Gauss. Will litt | --e— <a where it’s use 
over 125 Ibs. }—_F ——| COMPARATORS, MAGNIFIERS, MICROSCOPES A 
ay Countless war surplus bargains — ingenious optical tools from = 
Stock He. 70,165-W .........+0. +005 $8.50 Postpaid foreign lands. Thousands = — components. Fe tele- =~ 
o scopes, microscopes, magnifiers, lenses, prisms, wedges, mirrors, =~ 
Ey WA ~epapned 5,000-6,000 Gauss rating. —_— — ey oe yp | all a ~ the, Catalog of >= 
: ica’ ti rt. n ation =" 
Stock No. 85,088-W ..........cceeeee $22.50 F.0.B. Worternle Paster accehmetnehitinggaetir sat Nye ee e 


Shipping Wt. 22 Ibs. Barrington, W.J. WRITE FOR FREE CATALOG “Ww” 


ORDER BY STOCK NUMBER ... SEND CHECK OR MONEY ORDER . . . SATISFACTION GUARANTEED! 











EDMUND SCIENTIFIC €O. BarriNGTION, NEW JERSEY 
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Letters 


Nuclear Tests 


I cannot conceal my disappointment, 
even shame, on reading the pious plati- 
tudes of our Council’s Resolution on 
Control of Nuclear Weapons Tests, 
printed in the issue of 16 January 
[Science 129, 137 (1959)]. One might 
rather have expected such a resolution 
from an association of scientific civil 
servants, too terrified of losing their jobs 
to risk offending Dulles and the Atomic 
Energy Commission. An embarrassed 
silence would have been preferable to 
this type of sickening hypocrisy. 

Instead of emitting “profound hope 
that the Geneva Conference negotia- 
tions will prove successful,” the Council 
might well have told the world in a clear, 
straightforward way (i) whether they 
consider that nuclear bomb test explo- 
sions constitute a probable danger to the 
future of our species; (ii) whether they 
favor discontinuance of such explosions 
(that is, yes or no); (iii) whether they 
are alarmed at the present situation in 
which two.armed, cynical, irresponsible, 
and dishonest giants are daily threaten- 
ing each other and the rest of the world 
with total destruction; and (iv) how the 
international scientific community can 
bring pressure to bear on Tweedledum 
and Tweedledee to restore calmness and 
sanity where it is most needed. 

J. Gorptn KapLan 
Department of Physiology, Dalhousie 
University, Halifax, Nova Scotia 


Beneficiation of Soils 
Contaminated by Strontium-90 


I have read with surprise and concern 
W. F. Libby’s report [Science 128, 1134 
(1958)] on his experiments which were 
made, as he says, to test two proposals: 
(i) that the addition of sulfates to con- 
taminated soils might be helpful in mak- 
ing strontium unavailable for plant nu- 
trition, and (ii) that potassium might 
have a considerable beneficial effect with 
respect to absorption of radiostrontium. 

I will attempt to justify my surprise 
on purely technical grounds, for what 
Libby refers to in his report are not ex- 
periments but, at best, “high spot tests,” 
which could not, on any grounds, allow 
one to arrive at valid conclusions. 

The soil is such a complex system that 
it must be fully characterized before one 
can undertake to do anything with it. 
To say that the soil used was taken from 
a garden in Washington, D.C., and that 
it had an exchange capacity of 32 milli- 
equivalents per 100 g is utterly useless, 
if this information was intended to help 
the scientific reader interpret the sig- 
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nificance of the pot tests. Since we should 
be interested in facts, I would have pre- 
ferred to see a minimum of basic infor- 
mation on: (i) the ion components of 
the exchange capacity, particularly Kt, 
Ca*?, NH,*, and Nat; (ii) the ease of 
availability of the “native potassium,” 
both by actual chemical tests and by 
plant growth tests, and (iii) an analysis 
of the soluble and insoluble sulfates. 

This information would have contrib- 
uted greatly to understanding the signifi- 
cance of Libby’s initial additions of the 
potassium and strontium salts in amounts 
of about 1 percent of the total exchange 
capacity of the soil mass used per pot. 
The lack of this type of information is 
perhaps understandable, for it still ap- 
pears to be the exclusive property of that 
breed of men known as soil scientists. 

The tests themselves were faulty, be- 
cause their design ignored some basic 
characteristics of the experimental ma- 
terial and disregarded some elementary . 
principles of experimentation. 

The soil cannot be treated as if it were 
a chemical reagent, for, above all, it is a 
complex entity with its essential charac- 
teristics of variability and a sensitive 
ability to change with the treatments 
given, and with environment. To control 
this inherent variation, an essential part 
of any experimentation with a soil is 
replication—not just duplication, as is 
customarily done in a simple titration, 
but, say, from three to five repetitions 
for each treatment. Moreover, these 
treatments should be laid out im accord- 
ance with a design that will strengthen 
the scientist’s chances of beating nature! 

Libby’s claims, I would assume, must 
be based on a subconscious acceptance 
of the findings obtained by Peech, Brad- 
field, Reitemier and others. His data 
could not support any of his conclusions. 

The use of the ABCD type of tests to 
arrive at conclusions which have a direct 
bearing on the health of all mankind 
should be a question of great concern to 
all responsible people. I was delighted to 
read front-page newspaper reports about 
“Dr. Libby’s solution of Sr® fallout by 
adding to the soil potassium fertilizers,” 
only to find out later, with great disap- 
pointment, that the claims were totally 
unwarranted. But, alas, public opinion 
has been given one more pill of relief. 

L. A. Romo 

945 Savitt Place, 
Union, New Jersey 


The recent report by W. F. Libby 
demonstrates a surprising lack of infor- 
mation on matters that are relatively 
well known to biologists. It has been 
known for at least a quarter of a century 
that potassium in the soil reduces the 
uptake of calcium, and, since calcium 
and strontium are so closely related, it 
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PPM. K ADDED TO SOIL 
Fig. 1. Ion content of tomato plants as a 
function of potassium added to soil. [From 
data of D. R. Hoagland and J. C. Martin, 
Soil Sci. 36, 1 (1933) ; redrawn by D. R. 
Hoagland.] 


would seem obvious that added _ potas- 
sium would reduce strontium uptake 
from soil. See Fig. 1, which is slightly 
modified from one that was published 
in 1933. 

Would it be too much to suggest that 
the Atomic Energy Commissioners, when 
confronted with botanical problems, 
might employ a botanist? 

KENNETH V. THIMANN 
Bruce B. STOwE 
Harvard Biological Laboratories, 
Cambridge, Massachusetts 


I have read with disappointment L. A. 
Romo’s criticism of my article, “Bene- 
ficiation of soils contaminated with stron- 
tium-90: beneficial effects of potassium.” 
I know well how incomplete the work is, 
but I hope it has more scientific value 
than Romo finds in it. Perhaps its best 
value will be to encourage further re- 
search into what is a very important 
practical problem. The extensive re- 
search on radioactive fallout which has 
been conducted during the past years 
shows that the type of work I tried to do 
is urgently needed. 

Thimann and Stowe are correct in 
questioning my knowledge of botany, but 
I hasten to assure them that the Atomic 
Energy Commission does employ very 
capable botanists. It is true, of course, 
that the effect of potassium on calcium 
uptake by plants has long been known. 
The corresponding effect on strontium 
has not been established so firmly, how- 
ever, especially for the very low concen- 
trations resulting from radioactive fall- 
out on acid soils. 

I hope the work has more merit than 
the tone of these letters indicates. The 
problem is a very important one for 
civilian defense, and it was only after 
failing to persuade professionals to un- 
dertake it that I made this attempt. 

I hope Romo and Thimann and Stowe 
will turn to and do a better job for us all. 

W. F. Lippy 
Atomic Energy Commission, 
Washington, D.C. 
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6%” x 10”, with 324 illustrations. $6.75. 


In this revision changes occur in chapters on 
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Ph.D., ArtHur A. Vernon, Ph.D., and Saverio Zurranti, Professors of Chemistry, Northeastern University, 


New (2nd) Edition—Just Ready! 


is comprehensive, well-written and _ illustrated. 
Each chapter is designed to interest students. 
Of special note are the discussions on cell struc- 
ture and function. 


Third Edition! 


Villee, Walker, Smith— GENERAL ZOOLOGY 


Discussions of broad biological principles are 
carefully blended, in this college text, with 
thorough examination of certain representative 
vertebrates and invertebrates. The authors em- 


Michigan Craupe A. Vitize, Harvard University; Warren F. 
ichigan. 877 pages, 6” x 914”, with 444 illustrations. $7.50 
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phasize anatomy, habitat, mode of life and role 
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tebrate phylum occupies a separate chapter. 
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6%” x 10”, with 301 illustrations. 


Ph.D., Professor of Microbiology, Department of Microbiology, The University of Chi 


graduate students, medical students, research and 
laboratory workers. New material is added on 
Animal Viruses, Purine Synthesis, Anti-microbial 
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Small Country with Big Problems 


When the Government of Israel invited-ts-to visit their country for two 
weeks to see whatever might be of interest, we accepted promptly, for we 
wanted to find out what role science and technology are playing in the 
Israeli economy. 

A fortnight is much too short a time to form a judgment about such 
matters by direct observation, but it is not too short a time to form many 
impressions, to correct erroneous preconceptions, and to find out what the 
scientists and technologists themselves think of as the major problems they 
face. With the primary aim of concentrating on this last point, we visited 
several of the major educational and research institutions of the country: 
the Weizmann Institute at Rehovoth, the Hebrew University at Jerusalem, 
the Technion (Technical Institute) at Haifa, and the Desert Research 
Station at Beersheeva. 

Aside from its shortages in most of the minerals that provide the basis for 
industrial production, the country has two dominant needs: energy and 
water. Israel produces only about 10 percent of the oil it consumes and has 
no workable deposits of coal. Consequently, power is expensive and Israeli 
factorics are at a competitive disadvantage. Every avenue of possible sup- 
plemental power is being explored: hydroelectric power from the Jordan 
River on its way to the Dead Sea; windmills of advanced design; and, espe- 
cially, solar energy. Practical solar devices for heating water for domestic 
use are already in production, as are solar air conditioners for the desert 
regions of the country. Industrial production of solar power is still not eco- 
nomical, but a considerable program of research is under way, and with 
increased efficiency of production, solar power may provide a partial solu- 
tion to the power shortage. Nuclear power stations will be installed—the 
first at Elath, which is the southern edge of the Negev Desert—but, like 
other sources of power in Israel, they will be relatively expensive. 

So far as water is concerned, the needs are obvious. The southern two- 
thirds of the country is composed of the Negev Desert, where wells yield 
for the most part a brackish water currently unsuitable for agricultural use. 
The research effort being made to solve the water problem is many-pronged 
and vigorous. Intensive studies of ground water and ground-water replace- 
ment are being made, and studies of runoff and possible surface storage, 
especially in the desert, and the development of elaborate irrigation schemes 
form a large and coordinated program. Current resources will permit the 
irrigation of the northern part of the Negev by water from the Yarkon 
River north of Tel Aviv, but the great hope lies in the proposed diversion 
of the waters of the Jordan—an undertaking which at present is politically 
impossible. 

The coordinated attack upon the water problem does not end with irriga- 
tion schemes. All feasible ways of desalting water are under study, but so 
far the product is relatively expensive: if the power requirements are low, 
the capital costs are high or the output rate is low. Among the schemes being 
investigated are steam distillation at nuclear power stations, solar distil- 
lation, compression distillation, freezing processes, direct filtration, and 
electrodialysis. But the problem is being attacked from other angles as well. 
Plants that can tolerate brackish water are being sought, and in one unor- 
thodox proposal, an attempt is being made to modify the salt balance of 
brackish water by the addition of supplemental salts, thus making it suit- 
able for agriculture. 

Israel’s needs stand out in sharp relief; science and technology clearly 
form the indispensable basis for the solution of her economic problems. 


—G.DuS. 
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Automatic 


Where considerable counting is done, 
the Model 314X Tri-Carb Spectrometer 
has proved invaluable in saving overall 
time and in utilizing laboratory person- 
nel to better advantage. Completely 
automatic, it handles up to 100 samples 
and permanently records all data on 
paper tape. It can be operated around 
the clock without attendance. 


Semi-Automatic 


For laboratories that anticipate in- 
creased counting in the forseeable fu- 
ture, Model 314S provides efficient 
handling of present requirements, plus 
easy conversion to fully automatic oper- 
ation at moderate cost. This can be 
done at any time simply by adding the 
100-sample turntable, digital printer 
and the transistorized automatic 
control cabinet. 


Model 314 is for laboratories not antici- 
pating increased counting in the near 
future. Even this model, however, can 
be converted to fully automatic opera- 
tion, if and when required. This is done 
by replacing the manual with the auto- 
matic sample chamber and shield and 
by adding the digital printer and tran- 
sistorized automatic control cabinet. 


All three models offer all the advan- 
tages of the Tri-Carb Liquid Scintilla- 
tion Method for counting alpha- and 
beta-emitting isotopes: sensitivity, ver- 
satility, simplicity of operation and ease 
of sample preparation. 
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Oil may consist of hydrocarbons that collected 
from waters containing natural solubilizers. 


Although much progress has been 
made in the past decade, a generally 
acceptable understanding of the origin 
of oil is still lacking. Insight into the 
mechanism of the migration of oil has 
proved to be even more elusive (J). 
Although the problems of the origin and 
migration of oil are usually treated as 
separate subjects, they are, nonetheless, 
intimately related. 

Ever since Smith (2) demonstrated 
the presence of paraffinic, naphthenic, 
and aromatic hydrocarbons in recent 
marine sediments, the connection of 
these hydrocarbons with crude oil de- 
posits has been debated (3). However, 
the main problem is still that of under- 
standing how these highly dispersed 
sediment hydrocarbons collect to form 
an oil accumulation (4). This is usually 
referred to as the problem of oil migra- 
tion, but it is also the problem of the 
origin of oil. A solution is proposed 
here—namely, that crude oil deposits 
consist of sediment hydrocarbons that 
have migrated in, and collected from, 
waters containing natural solubilizers. 
This hypothesis can be evaluated in the 
light of our growing knowledge of crude 
oil composition. 


Migration in Aqueous Solution 


Whatever the mechanism of oil for- 
mation, it must be closely associated 
with the evolution of a sedimentary 
basin. To investigate this relationship, 
an experimental program was initiated 
several years ago by Esso Research and 
Engineering Company (5) to learn 
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whether the hydrocarbons known to be 
present in Recent sediments could dis- 
solve in and move with the waters ex- 
pelled from compacting sediments (6). 
Such a process, if hydrocarbons are 
sufficiently soluble, would enable the 
highly dispersed hydrocarbons in clay 
sediments to become concentrated in 
the more permeable and porous sands 
and, hence, to form the deposits known 
as crude oils. In addition to requiring 
adequate solubilities, this mechanism 
would require that the hydrocarbons 
come out of solution and be trapped in 
the reservoir rock. 

Our initial work on hydrocarbon solu- 
bilities in ordinary water was expanded 
by a study of solubilities in dilute col- 
loidal electrolyte solutions. The latter 
work, by demonstrating greatly increased 
solubilities, by providing a reasonable 
mechanism for unloading oil from solu- 
tion, and—perhaps most significantly— 
by indicating that a relationship exists 
between crude oil composition and hy- 
drocarbon solubility, has led to the hy- 
pothesis set forth in this article. 


Crude Oil Composition 


If crude oil did form from hydrocar- 
bons that dissolved in water and then 
came out of solution, the composition of 
oil should be related to the solubility in 
water of the individual hydrocarbons 
comprising the oil. The logical step is 
to consider whether the composition of 
crude oil reflects such a solution mecha- 
nism of origin. 

Although our knowledge of the com- 
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position of crude oil is far from ade- 
quate, it is becoming increasingly ap- 
parent that crude oil is a far more sim- 
ple and uniform collection of hydrocar- 
bons than one would have previously 
imagined. Its simplicity is revealed by 
the fact that not all of the statistically 
possible isomers are present in the dis- 
tillate fractions of oil. The results of an 
exhaustive fractionation of a represen- 
tative petroleum by research project No. 
6 of the American Petroleum Institute 
(API) show, for example, that 159 dif- 
ferent hydrocarbons account for the 
lower-boiling 44.5 percent of the origi- 
nal petroleum (7). This is truly a re- 
markable result when it is considered 
that at least some hundreds of thou- 
sands of different hydrocarbons could 
have appeared in this distillate fraction 
of the crude oil. 

More recently, A. Hood et al. (8) sug- 
gested that a single picture of simplicity 
applies to the entire distillate range of 
petroleum and that a predominant por- 
tion of the higher-boiling fractions of 
petroleum also consists of a relatively 
few simple isomeric molecules. Mein- 
schein (9) finds a similar simplicity in 
the hydrocarbons dispersed in marine 
sediments. Thus, the simplicity of the 
composition of crude oil reflects the fact 
that there were a limited number of 
different hydrocarbons available in the 
sediments for collection. 

The uniformity in crude oil composi- 
tion is disclosed by the fact that within 
a given class of hydrocarbons—say the 
alkylaromatics or the normal paraffins— 
the relative amounts of the individual 
hydrocarbons occur in nearly the same 
proportions in different crude oils (10). 

The uniformity in the distribution of 
homologous hydrocarbons is illustrated in 
Fig. 1 for the single-ring aromatic hydro- 
carbons. The amounts of benzene, tolu- 
ene, ethylbenzene, and n-propylbenzene 
in three widely different crude oils (11) 
are shown as a function of hydrocarbon 
size, or molar volume. It can be seen 
that there is always more toluene than 
benzene in crude oil—even though the 
oil may be called a paraffinic base crude 
(the Bradford oil), because paraffin hy- 
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Table 1. Comparison of predicted and observed composition of crude oil. 





Measured solubilities 
(vol. parts per billion) 


Concentrations in crude oil 
(vol. parts per thousand) 








Paraffin 5 
poss onal Water Predicted} Observedt 
n-Decane 34.6 22.0 17.9 18.0 
n-Octadecane 11.3 140 5.0 5.0 
n-Hexatriacontane 21 2.09 0.31 0.32 





* Micelle solution is composed of Na laurate (0.13 wt percent) plus NaCl (1.0 percent). 


+ From Eq. 1, with k = 1.42 x 108 and m=1. 


t From data of American Petroleum Institute project No. 6. 


drocarbons are predominant, or a naph- 
thenic base crude (the Conroe oil), be- 
cause cyclic hydrocarbons are predomi- 
nant. 

Because a remarkable similarity within 
a given homologous series of hydrocar- 
bons exists among various crude oils, 
even though the hydrocarbons have been 
produced from widely different environ- 
ments, it is evident that some common, 
universal process must have operated 
that selectively removed hydrocarbons 
from the source sediments and depos- 
ited them in the right proportions in 
the reservoirs. I suggest that this selec- 
tive process is the solution and migra- 
tion of sediment hydrocarbons in waters 
containing natural solubilizers. 

In contrast to this hypothesis of the 
migration of hydrocarbons in aqueous 
solution, it has been postulated that hy- 
drocarbons may move en masse from 
source to reservoir rock. If sediment hy- 
drocarbons could move in a nonaqueous 
state into the reservoir rock by compac- 
tion, the distribution of hydrocarbons 
in the reservoir, particularly the distri- 
bution of the saturated hydrocarbons, 
would be similar to their distribution 
in the source sediments. Insofar as the 


normal paraffin hydrocarbons are con- 
cerned, this is not the case. The normal 
paraffins in sediments, unlike those in 
crude oil, exhibit a strong preference for 
odd-carbon-number paraffins (1/2). As is 
shown below, differences in the distri- 
bution of hydrocarbons in sediments 
and in crude oils are easily understood 
in terms of the selective nature of the 
solution mechanism by which the sedi- 
ment hydrocarbons become concentrated 
to form oil deposits. 


Hydrocarbon Solubility 


Our studies of hydrocarbon solubilities 
in ordinary water and in dilute colloidal 
electrolyte solutions, such as formation 
waters, indicate that a relationship ex- 
ists between crude oil composition and 
hydrocarbon solubility. For example, the 
equation 


Ci=k(Si-—mSi°) (1) 
(where C; is the volume ratio of the 
ith hydrocarbon in petroleum, S; and S;° 
are the volume ratio solubilities of the 


ith hydrocarbon in the colloidal electro- 
lyte solution and in pure water, respec- 
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Fig. 1. Graph showing similarity of distribution of single-ring aromatics in various crude 


oils. 
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tively, and k and m are constants for a 
given petroleum and colloidal electro- 
lyte solution) relates the concentration 
of individual hydrocarbons in crude oil 
to their solubilities in dilute colloidal 
electrolyte solutions and in pure water. 
The equation suggests that the abun- 
dance of any hydrocarbon in crude oil 
is determined primarily by its micellar 
solubility (m=1) and by the effect of 
subsequent leaching by water (m > 1). 
The constant k is just the reciprocal 
of the micellar solubility of oil in water 
containing solubilizers. The dependence 
of crude oil composition on the micellar 
solubilities of hydrocarbons is perhaps 
best illustrated by Fig. 2, which shows 
the solubility data obtained for benzene, 
toluene, and n-propylbenzene in a dilute 
sodium naphthenate solution. 

It will be recalled that the distribu- 
tion of single-ring aromatics in crude oil 
shows that toluene is always the most 
abundant hydrocarbon. Figure 2 illus- 
trates that it is not the total solubility of 
hydrocarbon in the soap solution (upper 
curve) or the solubility of hydrocarbon 
in ordinary water (lower curve) that 
predicts the excess of toluene over ben- 
zene in crude oil but, rather, the solu- 
bility in soap micelles—the difference 
between the upper and lower curves. 

It has been found, over a wide range 
of soap concentrations and soap types, 
that the ratio of the solubility of toluene 
to that of benzene in soap micelles varies 
between 2.6 and 5.7. This is an impor- 
tant finding, since analyses of the ben- 
zene and toluene content of 27 widely 
different crude oils (13) showed that 
the ratio of toluene to benzene varied 
between 2.0 and 11.3 but that the aver- 
age value was 4.6 + 2.3, even though the 
absolute amount of benzene in these dif- 
ferent oils varied by a factor of 600, 
from 0.00091 to 0.557 volume parts per 
hundred. 

Similar analyses carried out by the 
U.S. Bureau of Mines (14) showed that 
in 21 domestic crude oils the average 
ratio of toluene to benzene was 4.1 and 
the average ratio in 11 foreign crude oils 
was 4.8. 

To illustrate further the dependence 
of crude oil composition on the micellar 
solubilities of individual hydrocarbons, 
Eq. 1 has been used to predict the 
amounts of the very slightly soluble 
n-paraffin hydrocarbons that were iso- 
lated from one representative petroleum 
(7). A comparison of predicted and ob- 
served hydrocarbon abundances in API 
crude oil is shown in Table 1. The equa- 
tion utilizes solubility data that were ob- 
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tained from dilute sodium laurate solu- 
tions. It may be noted that micellar 
solubilities of mn-paraffin hydrocarbons 
decrease with increasing hydrocarbon 
size, just as the concentration of these 
hydrocarbons in crude oil decreases with 
increasing size. 

Thus, the fact that the distribution of 
n-paraffin hydrocarbons in petroleum is 
different from that in sediments is easy 
to understand. If the composition of 
crude oil is determined primarily by hy- 
drocarbon solubility in soap micelles, the 
distribution of hydrocarbons in oil need 
not bear any relationship to their distri- 
bution in the sediments. All the mecha- 
nism requires is that the sediments con- 
tain the necessary hydrocarbons in excess 
of the amount required to saturate the 
interstitial waters. Since hydrocarbons 
still are found widely scattered through- 
out ancient, highly compacted, nonreser- 
voir rocks (15), an excess of sediment 
hydrocarbons over the amount which 
can be dissolved by the formation waters 
is clearly indicated. 


Factors Which Affect 
Crude Oil Composition 


If all crude oil deposits collected from 
ordinary water, one might logically ex- 
pect them to have nearly the same com- 
position; this, of course, they do not 
have. Although the distribution of indi- 
vidual homologs is similar from one oil 
to the next, crude oils do differ in the 
extent to which different classes of hy- 
drocarbons occur—that is, there are 
paraffinic, naphthenic, and mixed-base 
crude oils, depending upon the type of 
hydrocarbons predominantly present. 

Studies of hydrocarbon solubilities in 
dilute colloidal electrolyte solutions sug- 
gest that the variation in the composi- 
tion of crude oils with respect to the 
predominant hydrocarbon type present 
may be due, in part, to variation in the 
types of colloidal electrolytes that were 
available to solubilize the sediment hy- 
drocarbons. 

In support of this viewpoint, studies of 
the solubility of normal paraffins and a 
naphthenic hydrocarbon in the micelles 
formed by sodium naphthenate show 
that the solubility of the paraffin hydro- 
carbons decreases with increasing size 
or molar volume, as one might expect 
(16). However, the micellar solubility, 
in a sodium naphthenate solution, of 
the naphthenic hydrocarbon 2-methyl- 
decalin, which has almost the same vol- 
ume as decane, is about 5 times greater 
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Fig. 2. Observed values for micellar solubility of single-ring aromatics, from which rela- 
tive abundance of hydrocarbons in oil may be predicted. 


than one would have predicted from 
considerations of size alone. 

The data on micellar solubility are 
presented in Table 2. This table also 
shows that in sodium stearate micelles 
(a normal paraffinic soap containing 18 
carbon atoms), the naphthenic hydro- 
carbon is no longer unusually soluble, 
but that octadecane, which has the same 
number of carbon atoms as the individ- 
ual soap monomers, is about 16 times 
more soluble than one would have ex- 
pected. If oil collected from waters con- 
taining sodium stearate as the main 
solubilizer, one might predict that the 
normal paraffin distribution curve of the 
unloaded oil would show a strong peak 
at carbon number 18. Such peaks be- 
tween carbon numbers 16 and 18 have 
been observed in 12 oils that have been 
investigated in detail; these include sam- 
ples from both the East Texas and the 
Big Horn basins (17). 

It would seem, then, that colloidal 
electrolyte solutions show a greater 
solubilizing action toward hydrocarbons 
having the same general molecular 
structure as the soap molecules them- 
selves, and hence that the presence of 


different natural solubilizers may ac- 
count for the variation that is known to 
exist in crude oil types. Predominantly 
fatty acid salts might be expected to 
produce paraffinic oils, and naphthenic 
acid salts might be expected to produce 
naphthenic oils. 

It is obvious, however, that variation 
in the types of natural solubilizers avail- 
able is not the only factor that can in- 
fluence the composition of crude oil. 
Our studies have shown, for example, 
that if sodium chloride is present in 
dilute fatty acid soap solutions, the 
solubility of paraffin hydrocarbons is 
markedly increased but that the solu- 
bility of the aromatic hydrocarbons is 
decreased. This suggests that crude oils 
collecting from saline waters will be 
relatively more paraffinic than oils col- 
lecting from fresh water. As a rule the 
older, more paraffinic, oils are asso- 
ciated with the more saline forma- 
tion waters, whereas the younger, more 
cyclic, oils are associated with less saline 
waters. It should be kept in mind that 
the words old and young have to do only 
with the age of the reservoir rock in 
which the oil is now found. 


Table 2. Selective solubilizing action of colloidal electrolyte solutions at 25°C. 











Micellar solubility* 
Hyd b Molar vol. 
Uyetatet ah (ml/mole) Na naphthenate+ Na stearate 
(0.12 wt %) (0.15 wt %) 

n-Decane 195 187 179 
n-Octadecane 328 63.3 1008f 
n-Hexatriacontane 621 6.38 8.34 
2-Methyldecalin 189 846 137 





* S$; —S:°, expressed in volume parts per billion. 
+ Saturated with crude oil. 


t The predicted value from a log (Si — S:°) vol./vol. versus a molar volume plot is 64.0. 


873 











Formation of Crude Oil Deposits 


Our studies have demonstrated that 
significant amounts of hydrocarbons can 
move out of fine-grained sediments, 
having been solubilized in the waters 
squeezed from the sediments during 
compaction, provided that the waters 
contain about 0.05 percent soap (18). 
Since the water that moves out of the 
compacting basin will be directed to- 
ward those sediments that offer the least 
resistance to water movement, dispro- 
portionately large volumes of water will 
pass through the sediments of greatest 
transmissibility, and these, consequently, 
play a dominant role in draining the 
compacting basin. Accordingly, large 
quantities of hydrocarbons, solubilized 
in soap solution, will be brought into par- 
ticular beds (potential reservoir rocks) 
and given the opportunity to collect 
therein. 

Although the mechanism by which the 
solubilized hydrocarbons come out of 
solution to form discrete oil droplets has 
not yet been determined, it is known that 
mere dilution of a soap solution will 
bring about the release of some of the 
solubilized hydrocarbons by destruction 
of the soap micelles. Such dilution would 
occur if meteoric water should enter the 
more permeable strata and mix with the 
water being expressed from the adjacent 
compacting sediments. While this is a 
reasonable mechanism, there are other 
factors, such as adsorption, salt concen- 
tration, and temperature, which may be 
involved in the unloading process. Once 
the oil droplets have formed in the more 
porous and permeable sandstones or 
limestones, they will continue to grow in 
size and, in response to the forces of 
buoyancy, will collect finally in the high- 
est parts of the reservoir, where the oil 
saturation will increase significantly. The 
rate of final collection of dispersed oil 
droplets will depend upon the inclina- 
tion of the reservoir strata; the greater 
the dip, the faster the rate of collection. 
During the time of final accumulation 
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the oil droplets will be leached by the 
moving waters; they will be depleted in 
the more soluble hydrocarbons as well as 
in the accompanying nonhydrocarbons. 
Consequently, a given oil will become 
progressively enriched in the more par- 
affinic hydrocarbons if the time of final 
accumulation is long; it will not be so 
enriched if the final accumulation occurs 
soon after the oil droplets appear. 


Summary - 


A relationship exists between the com- 
position of crude oil and the solubility of 
the component hydrocarbons in dilute 
colloidal electrolyte solutions, suggesting 
that crude oil consists of hydrocarbons 
that were once solubilized in formation 
waters. It is not solubility in ordinary 
water or solubility in complete soap solu- 
tion that correlates with the composition 
of oil but, rather, solubility in soap 
micelles. Because it implies a possible 
unloading mechanism, this concept is at- 
tractive, for it follows that when a soap 
solution is diluted with water, the soap 
micelles disperse and the hydrocarbons 
solubilized therein appear as discrete, 
filterable oil droplets. 

Thus, it would seem that crude oil 
originates during the compaction of a 
sedimentary basin by virtue of the fact 
that sediment hydrocarbons dissolve in 
waters containing natural solubilizers 
and then come out of solution as oil 
droplets. The composition of crude oil 
as now understood is consistent with this 
hypothesis. And—most important—it is 
now possible to formulate meaningful 
questions, the answers to which, upon 
investigation in both field and labora- 
tory, will go far toward enabling us to 
assess the validity of the mechanism 
presented here. 

In addition to the implications regard- 
ing the composition of crude oil that 
are inherent in the hypothesis that crude 
oil collects from aqueous colloidal elec- 
trolyte solutions, there are several inter- 
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esting implications from the geological 
viewpoint. To mention one, such a 
mechanism would lend credence to the 
suggestion that the source beds of petro- 
leum are not necessarily unique accumu- 
lations of hydrocarbons in a limited area 
but, rather, may generally be coincident 
with the area from which water is ex- 
pressed into the porous strata that even- 
tually form the reservoirs. 
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Resources, Population Growth, 


and Level of Living 


A society’s wealth depends on the use it makes of 
raw materials, energy, and especially ingenuity. 


Most critical observers agree that the 
human race is currently facing the most 
crucial period in its entire history. The 
world population is exploding, for it is 
now more than 2.7 billion and is increas- 
ing at the rate of 45 million per year 
(1). If this rate of growth were to con- 
tinue it would be only a few hundred 
years until there would be standing room 
only, and “a little after this the hypo- 
thetical human population would weigh 
more than the planet” (2). Even if popu- 
lation growth miraculously ceased now, 
known deposits of metals and fossil fuels 
of the quality currently mined would not 
sustain the present standard of living for 
more than a few scores of years. And, as 
if these problems were not enough, the 
major part of the civilized world is en- 
gaged in a debilitating cold war, the 
principal parties to which are equipped 
with weapons powerful enough to destroy 
the world’s major cities in a matter of 
hours, and to make much of the rest of 
the world nearly uninhabitable in a mat- 
ter of days or weeks. These problems are 
not insurmountable, but as Brown (3, p. 
265) and others have emphasized, the 
rates at which the population is increas- 
ing, usable resources are being exhausted, 
and international relations are worsening 
are so rapid that we must act at once if 
we are to avoid catastrophe. 

Effective action can be based only on 
an understanding of the interrelations of 
the basic factors controlling population 
growth and level of living (4), not only 
among scientists but also among political 
leaders, business men, and the public at 
large. Unfortunately, however, there 
seems to be so little agreement among 
the scientists that the general public can- 
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not help but be confused (see 5, pp. 241— 
262 and 285-287, and 6 for summaries 
of divergent views). Many believe, as 
Malthus did in 1798 and as Sir Charles 
Galton Darwin (7, 8) does today, that 
the population will grow until food re- 
quirements outstrip supply; it will then 
be brought to equilibrium by famine or 
disaster. Others believe that advancing 
technology will make it possible to ob- 
tain raw materials and energy from 
sources that cannot now be exploited 
economically (3, 9, 10), so that short- 
ages of natural resources will not curb 
population growth or depress the level 
of living, or at least will do so only in 
the very remote future. Some feel that 
since population growth appears to fol- 
low a logistic curve (J/) that flattens as 
the population becomes literate and in- 
dustrialized (12, 13), world population 
will stabilize before the starvation level 
is reached. According to this view, “it is 
by no means certain that the maximum 
population will be determined by the 
food supply. It may well be that com- 
fort and convenience wili determine the 
limit” (13). And while some believe that 
population growth is likely to reduce the 
level of living (14), others believe that 
it has a beneficial effect on economic 
prosperity (/5); that “in an advancing 
technology, more people mean more 
plenty” (16). Even war and preparation 
for war are sometimes regarded as bene- 
ficial economic stimulants (17). 
Because the extremes of these views 
are nearly those expressed by Thomas 
Malthus and William Godwin at the 
start of the controversy 160 years ago, it 
seems safe to conclude either that little 
progress has been made since then in the 
understanding of basic principles or that 
new information is not widely under- 
stood, The latter explanation is the bet- 


ter, I believe, but in either case it is im- 
portant that we make a strong effort to 
establish basic principles that can be ap- 
plied to the solution of our problems. My 
purpose in this article is to try to im- 
prove understanding of the underlying 
principles both by examining theoretical 
relations and by analyzing observations 
on the relation of natural and human re- 
sources to population growth and level 
of living (18). 


Limitations on Growth of 


Populations of Simple Organisms 


A spatially limited medium favorable 
to the existence of some simple organ- 
ism could nourish only some finite num- 
ber of individuals if the food supply were 
not replenished. The total number of in- 
dividuals that could be supported in such 
a medium would vary directly with the 
initial size of the food supply, and in- 
versely with the mean life-time food con- 
sumption of the individual. This situa- 
tion, in which an unreplenished food 
supply sustains only a limited number of 
individuals, is usually observed only in 
the laboratory culture of such organisms 
as yeast, bacteria, fruit flies, and flour 
beetles (19; 12, p. 31); but natural popu- 
lations of certain insects are known to 
die because of having completely ex- 
hausted their food supply (20). 

Most animal populations, however, are 
supported by a continually or periodi- 
cally replenished food supply. The 
growth of a given population is limited 
not only by the size of the available food 
supply but also by disease, predators, or 
unfavorable extremes of temperature, 
salinity, moisture, or other physical or 
chemical variables in the environment. 
The maximum size such a population 
could attain would tend to increase as 
some function of the rate at which food 
generally becomes available and of the 
organism’s comparative resistance to its 
physical and biologic enemies, and to de- 
crease in some way with increasing mean 
rate of food consumption of the indi- 
vidual organism. It should be noted that 
while the organism may exert some in- 
genuity in searching for food, it is un- 
able to increase the amount of food 
available in its environment. 

Many observations of natural and lab- 
oratory populations show that when small 
numbers of a species are introduced into 
a bountiful environment, the rate of 
growth is slow at first but then increases 
rapidly (12). The maximum is reached 
in a surprisingly small number of gen- 
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erations. After this, the size of the popu- 
lation oscillates slightly with seasonal 
changes in food supply and environment, 
but it may fluctuate greatly and perhaps 
even decrease to zero if the food supply 
or the organisms’ comparative resistance 
diminish sufficiently. Where food is the 
most critical factor, as it is likely to be, 
the size of the population is limited by 
competition for food among the indi- 
vidual members; many, particularly the 
young, are undernourished and do not 
live out their normal life spans. 


Growth of Population and Level 
of Living in a Human Society 


The limitations on the growth of popu- 
lations of simple organisms are essen- 
tially those cited by Malthus as control- 
ling the growth of human populations. 
Although he recognized that man can in- 
crease his own food supply, he believed 
that it can be increased only in “arith- 
metic ratio,” whereas population tends 
to increase in “geometric ratio.” Mal- 
thus also recognized that man might ex- 
ercise “moral restraint” to limit the 
growth of his numbers. He largely dis- 
counted this possibility, however, and 
considered that growth of human popu- 
lations is likely to be kept in check by 
undernourishment, disease, war, and dis- 
asters, and that because the population 
would always grow to the very limit of 
its subsistence, most of mankind would 
always be doomed to subsist at the mini- 
mum level. 

Since Malthus’ analysis and predic- 
tions were published, both the popula- 
tion and the level of living have risen to 
levels that he would not have dreamed 
possible (3, p. 5). Although his reason- 
ing is thought to have been sound by 
some of his present-day supporters—who 
believe that the development of ‘new 
lands, new resources, and new techniques 
merely postponed the fulfillment of Mal- 
thus’ predictions—subsequent develop- 
ments and further analysis of the prin- 
ciples involved show that he vastly 
oversimplified the relation man bears to 
his environment and _ underestimated 
man’s ingenuity in developing and utiliz- 
ing its resources. For example, because 
man not only seeks but, in all but the 
most primitive cultures, grows his food 
and makes his clothing and shelter, his 
essential needs include not only food but 
also tools and raw materials; and even in 
primitive societies he wants many more 
things than are necessary for mere sub- 
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sistence (2/, p, 86). He can satisfy both 
his needs and his wants only by exercis- 
ing ingenuity, and his success in defend- 
ing himself against his natural enemies 
is in large part a measure of his ingenu- 
ity. In addition, man helps satisfy his 
requirements by capturing nonfood en- 
ergy for his own use, and—most impor- 
tant—his ingenuity permits him to satisfy 
his needs from new kinds of sources, 
many of which are more copious than 
the older ones. 

Fairfield Osborn (22, p. 202) speaks 
of the “eternal equation” that controls 
the level of living and the growth of 
human population in various areas or so- 
cieties, and he implies that this equation 
may be stated as follows: 


— resources of the earth 
Level of living = 





number of people 


This is a fuller concept of the relation 
man bears to his environment than Mal- 
thus had, because it recognizes that man, 
unlike simple organisms, makes direct 
use of many other things besides food, 
and that the consumption of goods and 
services is a variable in human popula- 
tions analogous in importance to the 
number of people. But even this concept 
does not adequately represent the rela- 
tion among the factors that control 
human life, for it implies that the “re- 
sources of the earth” constitute a fixed 
quantity that will yield a given output 
per capita. 

A similar but less adequate concept is 
that of Vogt (23), in which population 
and level of living are determined mainly 
by the “carrying capacity” (C’) of the 
land; this, he says, is equal to the ratio 
of the biotic potential (B) of the land 
to produce plants for shelter, clothing, 
and food and the environmental resist- 
ance or the limitations (£) that the en- 
vironment places on the productive ca- 
pacity of the land (“C=B: E”). Vogt 
recognizes that it is possible for man to 
alter the environmental resistance and 
hence to increase the carrying capacity, 
but the statement itself does not take 
into account the importance of other re- 
sources, nor does it give any direct indi- 
cation that the carrying capacity of the 
land varies with ingenuity. The carrying 
capacity of the land, for example, for a 
food-gathering culture is several orders 
of magnitude less than it is for the mod- 
ern science and machine culture. Both 
Osborn’s and Vogt’s concepts imply that 
the land will support no more than some 
optimum number of people, but, as 
Bauer and Yamey (2/, p. 61) point out, 


“the most fundamental weakness of the 
concept of optimum population . . . is 
the underlying idea that, with given nat- 
ural resources, output per head is a func- 
tion of numbers alone. In fact, however, 
real income is vitally affected by the 
quality of the population, and the theo- 
retical optimum would depend upon the 
skill, resourcefulness, and thriftiness of 
the population.” As Kuznets (2/, p. 129) 
put it, the major capital stock of an in- 
dustrialized country is not its physical 
equipment; it is its body of knowledge 
and the capacity and training of the 
population to use its equipment effec- 
tively. 

Although the factors that control hu- 
man life are highly complex and in large 
part intangible, the fundamental ones, 
therefore, include constructive 
technologic, socioeconomic, and political 
ingenuity—the collective ability of a 
group to obtain, distribute, and use raw 
materials and energy efficiently and to 
defend itself from its enemies, including 
disease and natural disaster. And instead 
of thinking of “resources of the earth” as 
a fundamental factor controlling the 
level of living and population at a given 
time, it is better to think of the net con- 
structive rate of consumption and use of 
all types of raw materials, such as min- 
erals, food, and water; and of the net 
constructive rate of consumption of all 
forms of energy, including a relatively 
small but essential amount of human 
energy as well as energy derived from 
other animate and inanimate sources. 
We can then say that the average level of 
living of an individual in a given society 
would tend to increase as some function 
of the net constructive rate of consump- 
tion or use of raw materials, energy, and 
ingenuity, and to decrease in some way 
with increase in the number of consum- 
ers. 

This means that if the total consump- 
tion and use of raw materials, energy, 
and human ingenuity is at some fixed 
value (as it is in a given society at a 
given time), the level of living of the 
average individual decreases as the popu- 
lation increases; it also means that both 
population and level of living can be 
relatively high if consumption and use 
of raw materials, energy, or constructive 
ingenuity is also high. The expression 
does not tell us, however, what the po- 
tential maximum limit to the means of 
human subsistence is, nor does it tell 
whether or not population in a given so- 
ciety will come to equilibrium at a low 
or a high level of living. 
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These questions will be considered 
later, but before going on it is desirable 
to mention that the dependence of level 
of living and population on consump- 
tion of natural and human resources in 
the various countries of the world today 
is shown semiquantitatively by published 
statistics (see 5, 24). For example, the 
per capita income in various countries 
correlates closely with the per capita 
consumption of steel and of energy ob- 
tained from commercial sources. A fair 
correlation exists also between per capita 
income and such things as literacy, per- 
centage of students in secondary schools 
and colleges, per capita consumption of 
newsprint, and numbers of books pub- 
lished per capita. The correlation among 
these things is not exact because they are 
only partial measures of the controlling 
factors. Per capita income, for example, 
is a measure of level of living, but be- 
cause it takes no account of materials 
already purchased and in use, it is only 
a partial measure of it. Steel is a key raw 
material, but it is only one of hundreds 
that are essential to industry, and again 
the annual production is merely sugges- 
tive of the amount in use. The consump- 
tion of energy is hard to evaluate, for 
published statistics exclude solar energy 
and energy from other noncommercial 
sources. And of course no statistic pro- 
vides more than a feeble clue to the 
amount of ingenuity accumulated and in 
use. 

Yet, in spite of the difficulty of meas- 
uring the controlling factors, the evi- 
dence is ample to show that level of liv- 
ing is generally a function of the per 
capita consumption and use of natural 
and human resources. Perhaps some op- 
timum combination of raw materials, 
energy, and ingenuity is required to 
raise the level of living of the individual 
to the maximum, but it seems obvious 
that .a large quantity of one will offset 
a shortage of the others, to some extent 
at least. Thus, it is due to “the skill and 
efficiency of the Swiss people that they 
have secured one of the highest standards 
of living in the world” despite their pov- 
erty in natural resources (25, p. 154). 


Limitations on Growth of Population 
and Rise of Level of Living in Time 


Is it possible to predict the potential 
population and level of living of a given 
area or of the world as a whole? This 
problem is far more complex than the 
one just considered. As a beginning, we 
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could say that the potential level of liv- 
ing is an increasing function of the po- 
tential resources of raw materials, energy, 
and human ingenuity and a decreasing 
function of the potential population. 
This is not an adequate expression, how- 
ever, for it does not take adequate ac- 
count of additional complexities, such 
as the fact that some things, like war and 
population growth, that tend to decrease 
prosperity in the long run may tend to 
increase it for short periods because they 
create an expanding market and fuil em- 
ployment. These stimulants are only of 
temporary value, however, and if they 
come at a time when they cannot be ade- 
quately supported by available resources 
they reduce the level of living and may 
even lead to disaster (26). With respect 
to ultimate world population growth, an- 
other factor not previously considered is 
man’s requirement of a minimum 
amount of space in which to live. The 
amount of space required is not known, 
but whether it is an acre or a square 
yard need not concern us here; the point 
is that there is a minimum space require- 
ment and that this would ultimately 
limit the earth’s population if other fac- 
tors did not. 

The most important complication, 
however, is that man himself has dem- 
onstrated the ability to control every one 
of the variables (27, p. 18). He has not 
often deliberately fixed his standard of 
living at a low level, although he has 
done even this in certain religious socie- 
ties, but in both primitive and advanced 
societies he has shown at times the will- 
ingness and ability to control population 
growth by one or another means of fam- 
ily limitation. And human history re- 
cords an endless succession of discoveries 
that enabled man to utilize resources 
that were not utilizable before. 

The discovery of fire, for example, 
made it possible for man to eat foods 
not edible before and to live in places 
not previously habitable. The discovery 
of agricultural methods made it possible 
for him to obtain many times as much 
food from a given area as the area 
yielded to the food gatherer, and the dis- 
covery of irrigation methods and of the 
use of fertilizers during earlier civiliza- 
tions increased the yield many times 
more (28, p. 12; 3, pp. 13-45). And the 
application of modern science and en- 
gineering to agriculture—the develop- 
ment of mechanized farm implements, 
fertilizers, insecticides, modern breeding 
practices, and so on—has increased the 
productivity of the land beyond anything 


imaginable even a half century ago. For 
the first users of copper, the only min- 
able copper ore consisted of good-sized 
masses of native copper, but the discov- 
ery of smelting and similar technological 
advances made it possible to mine im- 
pure ores; the cut-off grade has dropped 
steadily until it is now about 0.4 percent 
in the large porphyry deposits. Alumi- 
num, magnesium, and titanium were not 
even known to the ancients and were 
not thought to be valuable as structural 
materials even by the technologists of 
the early 20th century. Examples of dis- 
coveries that created usable resources 
where none existed before could be 
added indefinitely. Sociological, eco- 
nomic, and political discoveries, such as 
the invention of writing, money, and 
banking, the development of trade and 
of specialization in labor, and the devel- 
opment of systems of government that 
encouraged individual initiative, had a 
similar and perhaps even greater effect 
in making it possible to obtain more 
goods and services from a given area 
than had been possible before. 

If it were possible, therefore, to write 
an equation showing the interrelations of 
potential population, potential level of 
living, and potential resources, the ex- 
pression would show these variables to 
depend in some way on potential human 
ingenuity. It is unlikely, of course, that 
man will be able to control the other 
variables entirely, at least in the near 
future, but it is highly probably that 
even within short periods he will make 
new discoveries or acquire new knowl- 
edge that may alter his future com- 
pletely. A recent and important example 
is the new look given the energy picture 
by the discovery of nuclear power. Prior 
to 1939, the world’s energy supplies were 
thought to consist mainly of the fossil 
fuels—a few scores of years’ supply in 
the form of petroleum and at most a few 
thousand years’ supply in coal. No one 
considered that fissionable or fusionable 
elements might one day be a source of 
power, and the outlook for future sup- 
plies of power was dark. As recently as 
five years ago, well after the production 
of power by fission was known to be pos- 
sible, Ayres and Scarlott (29), Darwin 
(7, p. 65), and others who did not have 
the benefit of the then classified data 
on results of postwar exploration for 
uranium, considered it likely that the 
energy derivable from nuclear power 
would not be any greater than that in 
the world’s coal reserves, if as great. The 
energy in high-grade deposits of uranium 
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in Western countries alone, however, is 
now known to be several times that in 
all the fossil-fuel reserves combined; the 
amount in the uranium in black shales 
and phosphorites (which is being ex- 
tracted in a few places now as a by- 
product of other operations) is at least 
ten and perhaps several hundred times 
larger (30), and that in granites and 
similar rocks is almost incalculable (37). 
And it now appears that enormous 
amounts of power will be available from 
thermonuclear fusion (32). Progress in 
mineral technology has also been im- 
pressive and may be expected to make 
available progressively lower grades and 
increasingly larger resources of minerals 
in the future, just as it has in the past 
(10). 

This does not mean that William 
Godwin was right in his belief that nat- 
ural resources, if used and distributed 
properly, would be adequate to support 
man’s needs in spite of his reproductive 
proclivities; it does not mean that at any 
given time or even ultimately there will 
not be a limit to the resources-ingenuity 
product, or that at any given time or 
ultimately the population will not press 
closely on the means of its subsistence; 
and it certainly does not mean that some- 
thing will turn up to solve all of man’s 
problems whether he tries to solve them 
or not. It means, rather, that because 
man is potentially capable of controlling 
his numbers, his environment, his usable 
resources, and his very destiny to an un- 
imaginable degree, it is not possible to 
predict the limit, temporary or ultimate, 
to his means of subsistence or his level 
of living (33). 


Stimuli to Technologic Advance 
and Population Control 


Although it is not practical to make 
long-range forecasts of growth of popu- 
lation or rise or fall of the level of living, 
it is of utmost importance to learn the 
circumstances under which man uses his 
fabulous capacity to increase the means 
of his subsistence and to control his num- 
bers. Doubtless modern behavioral sci- 
ence can cast much light on these ques- 
tions, but for the purpose here it suffices 
to approach them by analyzing present 
and previous patterns of population and 
economic growth. The rate of popula- 
tion growth differs considerably in dif- 
ferent parts of the world now, and it 
probably always has. For example, the 
world population is at present more than 
2.7 billion and it is increasing at the rate 
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of about 1.7 percent per year (J); but 
the population of northern Europe is in- 
creasing at the rate of only about 0.6 
percent per year, while that of Canada 
and Australia is increasing at the rate of 
2.4 percent and that of certain under- 
developed areas like Mexico is increas- 
ing at rates of more than 3 percent (26). 
The current average rate of population 
growth has prevailed for only about two 
decades; the largest growth has taken 
place since about 1650. The world popu- 
lation is thought to have been about 0.2 
billion at the beginning of the Christian 
era, and by 1650 it had grown to not 
much more than 0.5 billion (5, p. 33). 
It took about 200 years to double that 
figure and less than 100 years to double 
it again. The distribution of the relative 
increase was extremely irregular: From 
1650 to 1950 the population of Africa 
doubled; that of Asia increased 3.8 times; 
Europe, 5.6 times; that of Central and 
South America, 13.5 times; and that of 
America, 166 times. The largest absolute 
increase in number of people, however, 
took place in Asia, whose population in 
1950 was about 1.3 billion. 


Populations of Western Europe 


Although the population growth of re- 
cent centuries has been unequally distrib- 
uted, it shows in the aggregate a rapid 
increase. In most of the Western Euro- 
pean populations, where the increase 
took place first, this rapid increase has 
been followed by a decrease in rate of 
growth. The curve representing their 
growth since about 1700 is the S-shaped 
logistic curve similar to that found in the 
growth of animal populations (12, pp. 
11-18); the growth it reflects has been 
called the population cycle, which is 
broken into four stages, as follows (25, 
p. 9): (i) the high-fluctuation stage, 
characterized by high birth and death 
rates and by a very slow, irregular in- 
crease in population; (ii) the early-ex- 
pansion stage, characterized by a high 
birth rate and a falling death rate; (iii) 
the late-expansion stage, characterized 
by a falling birth rate as well as a fall- 
ing death rate; and (iv) the low-fluctua- 
tion stage, characterized by a low death 
rate and a low birth rate, oscillating 
slightly with booms, depressions, and 
wars. Transition from one to another of 
these stages represents the effect of a 
change in the ratio of births to deaths, 
and perhaps also of changes in direction 
and amount of migration. But what are 
the fundamental causes of these changes? 


The high-fluctuation stage in the his- 
tory of the Western Europeans seems to 
have been one in which population was 
pretty much in equilibrium with food 
production. Population increased in time 
of plenty and declined sharply when 
famine or pestilence raised the death 
rate; in the meantime substantial growth 
was prevented by a high death rate that 
was the direct or indirect product of un- 
dernourishment among a large segment 
of the population. The early-expansion 
stage, which began during the 17th cen- 
tury, was due “in part to gradually 
improving agricultural techniques, but 
probably in greater degree to better 
transportation, which in turn stimulated 
commerce and handicraft production, 
and, through these, commercial agricul- 
ture,” both in Europe and in new lands 
settled or dominated by Europeans (13). 
This tended to reduce famine, under- 
nourishment, and susceptibility to dis- 
ease, and hence led to a decline in the 
death rate. Even though this early growth 
was not stimulated by much increase in 
the use of fossil fuel and steel, it was 
made possible, nevertheless, by increased 
availability and use of raw materials, 
energy, and ingenuity, all of which ex- 
panded the supply of food and other 
necessities. 

The late-expansion stage of the popu- 
lation growth of Western peoples is 
closely tied to the industrial or scien- 
tific revolution. Thus, Hubbert (34) has 
shown that the population growth of the 
last 150 years, the largest in human his- 
tory, is closely correlated with the greatly 
increased use of energy from fossil fuels; 
the latter is directly paralleled by in- 
creased consumption of metals and many 
other raw materials. Mere production fig- 
ures, however, do not adequately describe 
the intellectual explosion that permitted 
man not only to prolong life by the con- 
quest of disease (35, p. 7) but also to dis- 
cover and utilize natural treasures whose 
very existence was previously unknown. 
The vastly increased amount of goods, 
services, and knowledge available for 
man’s use performed “the western mira- 
cle” of simultaneously increasing popu- 
lation and raising the level of living (22, 
p.-70)). 

The low-fluctuation stage is a recent 
development, reached in western Euro- 
pean countries only within the last cen- 
tury. It is characterized not only by a 
relatively stable population but also by 
a rise in the level of living—an enigma 
from the standpoint of Malthusian doc- 
trine. The causes for the decline in birth 
rate are complex, but three things seem 


SCIENCE, VOL. 129 











doc- 
birth 
seem 


4. 129 


gs 











especially significant: (i) Recent studies 
of birth rates among various socioeco- 
nomic groups show that group differ- 
ences are mainly due to the differen- 
tial prevalence of birth-control practices 
(36); (ii) the net reproduction rate 
among families within individual coun- 
tries or areas generally varies inversely 
with family income and degree of edu- 
cational attainment (12, p. 158; 37; 5, 
p. 156); and (iii) over the world as a 
whole, areas that have the highest birth 
rates are those in which the highest pro- 
portion of the population is illiterate and 
dependent on agriculture (13; 27, p. 50). 
These observations indicate that in rela- 
tively well educated and wealthy nations 
and social groups, the birth rate drops 
because married couples want to have 
fewer children, presumably because they 
want to attain or maintain a higher level 
of living for themselves and their chil- 
dren, or because they do not “wish to 
bear the physical and social burdens 
which a large family brings” (38). The 
birth rate remains high among low-in- 
come and poorly educated groups be- 
cause their outlets for nervous and emo- 
tional tension are restricted (12, p. 203; 
35, p. 296), they are not educated in the 
art of contraception, they are not able to 
afford contraceptive devices, and they are 
not well informed as to the consequences 
of having a large family. 

It is important to note that the drop 
in birth rate in Western countries has 
taken place in spite of strong opposition 
to family limitation. In Ireland, where 
both the Catholic Church and the state 
have encouraged large families, the popu- 
lation decreased from about 8.2 million 
in 1845 to about 4.4 million in 1950 (35, 
pp. 53, 92). Death and emigration re- 
duced the population by about two mil- 
lion during the potato famine years of 
1847-1852, but the remainder of the re- 
duction results from a low birth rate due 
to few and late marriages. 

Until recently it was thought that after 
a particular nation once reached the low- 
fluctuation stage of the population cycle 
its population would be stable, or at least 
its further growth would be slow. In the 
United States, Canada, and Australasian 
countries, however, it has been found 
that under certain circumstances popula- 
tion stability or slow growth is merely 
temporary. In the United States the birth 
rate declined rather steadily during the 
first third of the 20th century, reaching 
a low of about 19 per thousand per year 
during the 1930’s (39), but in 1940 it 
started to rise, and since 1951 it has been 
about 25 per thousand. The reversal in 
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the trend of the birth rate is generally 
thought to be related to increased pay- 
rolls and employment resulting from the 
defense and war efforts, but the high 
postwar birth rate is puzzling (25; 40, 
p. 46). At first glance it does not appear 
to be caused by national prosperity, for 
per capita income rose in the early part 
of the century while the birth rate de- 
clined. But inasmuch as the size of the 
family in the United States is now largely 
a result of a decision made by the par- 
ents, it seems likely that the increased 
birth rate in the United States reflects a 
recognition on the part of our young 
people that their potential income does 
not require them to restrict the size of 
their families closely in order to realize 
their wants and fulfill their responsibili- 
ties adequately. The wish to avoid the 
physical and social burdens of a large 
family may still militate against large 
families, but the leisure afforded by a 
shorter work week and by labor-saving 
devices, such as the dishwasher and auto- 
matic washing machine, makes it pos- 
sible to have a medium-sized family 
without having as burdensome or com- 
plex a life as the same responsibilities 
would have entailed in the 1920’s. It 
seems safe to conclude that a rise in na- 
tional prosperity may stimulate popula- 
tion growth in late as well as early stages 
of industrial development. 


Population Cycle in Earlier Epochs 


The main aspects of this population 
cycle or growth curve appear to have 
been repeated during each of the suc- 
cessive cultural epochs in the history of 
mankind (12, p. 19) and during each of 
the earlier civilizations. Clough (28), in 
his analysis of the factors controlling the 
rise and fall of civilizations, finds that 
all civilizations were marked by, and to 
a large extent caused by, an increased 
output per capita of goods and services 
and the accumulation of an economic 
surplus. This permitted both an increase 
in population and a rise in the level of 
living, and it also provided time for in- 
tellectual and esthetic achievements—the 
hallmarks of civilization. The increased 
output resulted from improvements in 
technology, greater exploitation of nat- 
ural resources, increased efficiency of 
labor resulting from specialization, accu- 
mulation of capital, increased business 
enterprise and leadership, improved tech- 
niques of distribution, and development 
of an economic and political system that 
not only encouraged individual and 


group enterprise but also permitted wide 
enough distribution of wealth to enable 
the laborer to be a heavy consumer of 
goods and services. When the population 
reached a size at which existing tech- 
niques, resources, capital, trade, and po- 
litical organization were unable to pro- 
vide a further increase in goods and 
services per capita, population growth 
tapered off and the level of living gradu- 
ally declined. If for any reason the polit- 
ical and economic framework of the civ- 
ilization deteriorated, population actually 
decreased and entered the high-fluctua- 
tion stage. Later, when political or tech- 
nologic conditions once again favored the 
accumulation of an economic surplus, a 
new cycle of growth sometimes began, 
either in the same area or, more com- 
monly, in adjacent areas. 

In contrast to the causes of decline in 
the rate of growth of western European 
populations—family limitation stimu- 
lated by desire for a higher level of liv- 
ing and a less complex life—the decline 
in growth of population of most earlier 
societies was due mainly to the positive 
checks cited by Malthus. A great variety 
of methods of family limitation, ranging 
from abortion and infanticide to various 
sexual taboos and marriage bans, were 
practiced in early societies; when prac- 
ticed extensively they helped make it 
possible to avoid widespread starvation, 
but they do not seem to have been effec- 
tive in maintaining a high standard of 
living. 

Why did earlier civilizations rise and 
decline? What stimulated and then de- 
pressed technologic, economic, social, 
and esthetic progress? Toynbee (41, p. 
570) explains that civilization arises “not 
as a result of superior biological endow- 
ment or geographical environment but as 
a response to a challenge in a situation 
of special difficulty which rouses him 
[man] to make a hitherto unprecedented 
effort.” He lists a number of adversities 
that provide the necessary initial chal- 
lenge—hard country, new ground, defeat 
in war, threat of war, and penalization 
imposed by reason of race, religion, or 
class; further growth, he thinks, results 
from “an overcoming of material ob- 
stacles which releases the energies of the 
society to make responses to challenges 
which henceforth are internal rather than 
external, spiritual rather than material.” 
Though granting that necessity is often 
the mother of invention, I believe that 
the growth of civilizations must have 
been stimulated by more than this, for 
many more peoples have been exposed 
to adversity and spiritual challenges than 
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have made the grand response that the 
development of a civilization demands. 

Clough (28, p. 9) supplies the miss- 
ing link in emphasizing the importance 
of the ideologies of a culture, which gen- 
erally become established at its very be- 
ginning. If in its formative stage “the 
culture embraces the idea that great 
works of art should be created, that 
knowledge of the universe should be ac- 
quired, and that man should extend his 
control over human and physical envi- 
ronment, then subsequently more of the 
energies of the culture will be devoted 
to the attainment of a high degree of 
civilization than would otherwise be the 
ease... id Another ideology which is im- 
portant for the effective development of 
civilization is a desire for a social and 
political organization which will permit 
individuals to realize their total poten- 
tial as contributors to civilization.” He 
stresses also the importance of avoiding 
destructive strife, of placing leadership 
in the hands of those who would advance 
civilization rather than some other cause, 
of preventing such a rigid structuring of 
the culture that the individual has no 
choice of action, and of increasing “the 
range of opportunities for alternative de- 
cisions. . . . Everything which contributes 
to the extension of that range, whether 
it be economic surplus, the use of leisure, 
the development of cities, or the absence 
of stultifying rigidities, is of the utmost 
significance in furthering the process of 
civilization.” 

Whereas the rise of earlier civilizations 
was marked by a gain in control over 
both the physical and human environ- 
ments, their decline reflected a reversal 
of these trends. Specific causes may have 
been disappearance of economic surplus, 
resulting from population growth, ex- 
haustion of natural resources, war, or 
diversion of capital from productive in- 
vestments to nonproductive expenditures 
on costly works of art (for example, the 
Pyramids) or luxurious living (28, p. 
261); enemy conquest, the success of 
which may be the result of the diffusion 
of the fallen civilization’s techniques to 
bordering peoples; disease or pestilence; 
social and political disorders, leading to 
debilitating internal strife; deterioration 
of leadership or government; or loss of 
creativity as a consequence of a stultify- 
ing religion, tradition, or social order 
(41, p. 581). The relative importance 
of these causes is hard to assess. Popu- 
lation growth outstripped the production 
of food and other necessities in the home- 
land in some and perhaps in all of the 
earlier civilizations, so that they became 
dependent on trade and conquest to 
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maintain their level of living (3, p. 24- 
30). Yet nearly all of these areas are now 
supporting more people at a higher level 
of living; obviously, then, they did not 
exhaust their resources but merely 
reached the production ceiling permitted 
by their technology and their economic 
and sociopolitical systems. It seems likely 
that even without further technologic 
advance they could have avoided or post- 
poned decline if they could have dealt 
with subjugated peoples, competitors, 
and envious barbarians by means more 
effective and less expensive than mili- 
tary force, and if they could have pre- 
vented or satisfactorily dissolved internal 
social disorders. Failure to maintain or 
extend control over the human environ- 
ment, to organize their “society in such 
a way that differences among individuals 
and groups may be at a minimum and 
that what conflicts do exist may be set- 
tled in an equitable manner according 
to previously established rules,” and to 
place sufficient value on human life and 
freedom (28, p. 260) seems to have been 
at the root of the decline. 


Populations of 


Underdeveloped Countries 


If judged wholly by their rapid rate 
of increase, the populations of many 
of the underdeveloped countries today 
would appear to be in the early expand- 
ing stage of the population cycle. Un- 
like the Western countries and earlier 
civilizations, however, the underdevel- 
oped countries began their recent growth 
not because they opened new geographic, 
technologic, or economic frontiers but 
because Western countries introduced 
better methods of transportation, com- 
munication, agriculture, and—most im- 
portant—medicine and sanitation (35; 
3, pp. 57-58). Deposits of minerals and 
fuels have been developed in these coun- 
tries, to be sure, but because these have 
been largely exported to Western coun- 
tries they have not done much to raise 
the level of living of the native popu- 
lace, which has remained dominantly 
agricultural. The result of all this is that 
death rates have been reduced,.the popu- 
lations have grown, and in some coun- 
tries the amount of food and goods avail- 
able per person has diminished (42; 40, 
p. 48). No significant rise in level of edu- 
cation, which might check population 
growth as it has in Western countries, 
has taken place in most of the under- 
developed countries, and population 
growth seems to follow a strictly Mal- 
thusian pattern. 





Summary of Basic Relations 


This brief analysis of the relations of 
population growth and level of living to 
natural and human resources yields sev- 
eral relatively simple but important prin- 
ciples, as follows. The means for man’s 
subsistence increase with increasing con- 
structive consumption of raw materials 
and energy and, especially, constructive 
use of ingenuity. Resources of usable raw 
materials and energy may be increased 
to an unpredictable extent by the devel- 
opment and application of ingenuity. 
The most fundamental stimulus to in- 
genuity is a basic ideology that chal- 
lenges, encourages, and rewards indi- 
vidual initiative, freedom of thought, 
desire for economic gain, and thirst for 
knowledge. The attainment of a high 
standard of living requires that the ratio 
of consumption to consumers be high. 
Such a ratio can be maintained most 
easily if the population is sufficiently 
educated to understand the benefits and 
the means of family limitation and to 
extend its control over its physical and 
human environments by peaceful means. 
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Francisco Duran-Reynals was born in 
Barcelona, Spain, on 5 December 1899. 
He died in New Haven, Connecticut, on 
27 March 1958. 

His early education, from elementary 
school through college, was in Barcelona. 
There too he took his M.D. degree in 
1925. In the course of his medical study 
he was also assistant in the laboratory 
of bacteriology of the city of Barcelona. 
On his graduation he became a fellow of 
the “Junta para ampliacién de Estu- 
dios.” The first year of his fellowship, 
1925-26, he spent at the Pasteur Insti- 
tute in Paris. In 1926, still under the 
fellowship, he came to James B. Mur- 
phy’s laboratory in the department of 
cancer research at the Rockefeller Insti- 
tute in New York. In 1928, when his 
fellowship ended, he was appointed an 
assistant in that department, and in 1934, 
an associate. 

In 1938, Duran-Reynals left the 
Rockefeller Institute to accept an ap- 
pointment as research professor at Yale 
University School of Medicine, under 
the Jane Coffin Childs Memorial Fund 
for Medical Research. He was also ap- 
pointed lecturer and research associate 
at Yale in 1952. 

He was a member of the Academia de 
Medicina and of the Sociedad de Bio- 
logia of Barcelona and a corresponding 
member of the Institut d’Estudis Cata- 
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lans and of the Sociedad de Biologia of 
Havana. He was also a member of the 
Harvey Society, the American Associa- 
tion for Cancer Research, and many 
other societies. He was for many years a 
scientific associate of the Jackson Me- 
morial Laboratory in Bar Harbor, Maine, 
and spent many summers there. In 1957 
he received the honorary degree of Doc- 
tor of Science from the Hahnemann 
Medical College of Philadelphia. He 
held medals from the Pasteur Institute 
and from universities of Liége, Brussels, 
and Montreal. In 1952 he received the 
Anna Fuller Memorial Prize for medical 
research. He was a consultant to the U.S. 
Public Health Service, the National Re- 
search Council, and the American Can- 
cer Society. 

During his stay at the Pasteur Insti- 
tute, Duran-Reynals’ work had dealt pri- 
marily with the lysis of certain bacteria, 
but soon after coming to the United 
States he began to take an active interest 
in viruses. This interest deepened and 
widened. At the same time the influence 
of testicular extract as a “spreading fac- 
tor” was noted and was used fruitfully to 
study cell physiology (the ground sub- 
stances of the mesenchyme). The two 
lines of research seized his imagina- 
tion, and he held to both of them eagerly 
and vigorously. 

His studies of the ground substances 
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showed them to be a system of funda- 
mental importance influencing the rate 
or success of infection, metabolic changes 
in cells, stability of crystalloids, intimate 
effects of hormones, allergy, and other 
phenomena. 

Through investigation of a variety of 
known cancer viruses, notably avian, 
Duran-Reynals established a number of 
important facts concerning the nature 
and activity of those agents. Among 
these principles may be listed the fol- 
lowing: (i) These agents can exert nec- 
rotizing effects on cells under certain 
conditions, notably in the young host. 
(ii) They can vary, adapting themselves 
to new hosts. When an “adaptation” 
occurs, a different type of cancer is in- 
duced. Thus, a single virus may be in- 
volved in the induction of many types of 
cancer. (iii) They have definite anti- 
genic properties. (iv) They have their 
highest power of infection when injected 
in young hosts. (v) They have a definite 
epidemiological pattern. 

From this work Duran-Reynals con- 
cluded that “cancer viruses” behaved 
fundamentally like other viruses and that 
possibly cancer could be considered to be 
of viral origin. For the sympathetic con- 
sideration of this hypothesis he was a 
willing and tireless crusader. 

These conclusions led to the develop- 
ment of the second phase of his program 
in this field of research. This consisted 
in trying to discover whether ordinary 
viruses, especially those of the pox group, 
could, under certain conditions, induce 
cancer. Interesting and suggestive results 
were obtained, but the problem was un- 
solved and he was hard at work on it 
when his final illness set in. 

He was an extremely versatile and im- 
aginative investigator. His bibliography 
attests strikingly to this fact. Throughout 
his activity as a brilliant research worker 
he was strengthened and encouraged by 
the complete partnership and active as- 
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sistance of his devoted wife, Maria Louisa 
Maristany, whom he married in 1936. 
They have one child, a daughter, Fran- 
cisca, now a student at Bryn Mawr. 

To Francisco Duran-Reynals, life was 
an art and a high adventure. He felt 
disappointments keenly, but they could 
never, in the face of his unyielding pur- 
pose and conviction, lead to discourage- 
ment. To an extraordinary degree he 
was able, by contact, to transfer to others 
the intellectual vitality and enthusiasm 
which he possessed or—perhaps better— 
which possessed such a large part of him. 
He did this naturally and with complete 
simplicity. 

Sensing inwardly the drama of the 
search for and discovery of new scientific 
knowledge, he reflected his own absorp- 
tion and emotion in the presentation of 
the results of his research work. One had 
the overpowering feeling that, as a part 
of the audience, he was reliving the col- 
lection, tabulation, and interpretation of 
the experimental results. They entered 


the hearer’s consciousness as living, 





meaningful units of scientific progress, 
not as dead and recorded facts. 

The experience of presenting his re- 
sults was so vivid and intense to Duran- 
Reynals that it was at times almost ex- 
hausting to this sensitive and completely 
consecrated man. He would fret and 
chafe at the unavoidable waiting and 
slow unfolding of a scientific program. 
One could see that his keen, alert mind 
was “champing at the bit” to be at the 
job of exposition and discussion. 

There were many times when his hand- 
some aquiline profile and proud search- 
ing eyes reminded one strongly of a 
poised hawk ready to wheel and strike, 
but only to capture, not to kill. For there 
were few if any destructive elements in 
his character. He was absorbed in the 
joy of the hunt—the finding of the un- 
expected—.nd not in tearing to pieces 
the work of others. He expected the 
good and the true. 

Duran-Reynals had a great capacity 
for kindness, affection, and loyalty to- 
wards others. These qualities made a 


News of Science 


Greater Role for U.N. Specialized Agencies Seen in 
Meeting Problem of Population Outrunning Resources 


In recent years the United Nations has 
played an important part in studying, 
through demographic surveys, the un- 
precedented growth in world population. 
But now there is a growing feeling that 
the U.N. should assume an active role in 
promoting population control. Since the 
beginning of this century, the population 
has increased more rapidly than ever be- 
fore in history, chiefly because of scien- 
tific advances that have led to progres- 
sively lower mortality rates, while birth 
tates have not declined. A few figures 
from a recent report, The Future Growth 
of World Population, published by the 
U.N. Bureau of Social Affairs, bring the 
situation into focus. 


Population Growth 


During the first half of the 19th cen- 
tury, world population reached 1 bil- 
lion; in 1930 the figure was about 2 bil- 
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lion. In 1957 and 1958 alone, the earth’s 
population increased by 90 million, a 
figure twice the population of France, 
and the world is expected to have 3 bil- 
lion inhabitants by 1962. 

The acceleration of population growth 
in underdeveloped countries is especially 
spectacular. Annual increases of 2 per- 
cent or more are usual in most of these 
countries, and in some there is a growth 
of 3 percent, a rate that the U.N. report 
describes as “probably outside the expe- 
rience of any nation before the last ten- 
year period.” In contrast, the population 
of the United States is growing at the 
rate of 1.7 percent per year. 

Japan is the only country that has had 
a sharp drop in birth rate. Within the 
last decade its birth rate has been cut in 
half: from 34.3 per thousand in 1947 
to 17.2 in 1957. (Three quarters of the 
reduction was caused by induced abor- 


powerful and invulnerable framework for 
his life. In the years that I knew him he 
never aged or wavered in the spiritual 
integrity of his deep faith in mankind 
and in God. In fact, he had richened and 
ripened in that faith to a point that made 
one realize that he had atttained the rare 
inner peace that is built of unselfish ac- 
tion, devotion to work and to ideals, and 
unstinted giving of oneself. 

His life proved that high standards of 
scientific research and complete humility 
of spirit can be symbiotic in the truest 
sense of that term. It proved also that 
their combination can give a fine and 
beautiful light which is a source of en- 
couragement, inspiration, and thankful- 
ness to others. The tragedy of Duran- 
Reynals’ early death and of the suffer- 
ing which preceded it are softened gently 
and beautifully by the ageless, simple 
qualities of human greatness of which 
his life was composed. 

C. C. Litre 
Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, Maine 


tion, according to News of Population 
and Birth Control for December 1958, 
published by the International Planned 
Parenthood Federation). 

Today, Latin America has the most 
rapid population growth of any major 
area. If the trend continues, by the end 
of the century it will have the second 
largest population, 593 million, among 
the world’s major regions. Asia, with a 
projected 3.9 billion people, would re- 
main in first place. 


United Nations Action Impeded 


The March issue of the Population 
Reference Bureau’s Population Bulletin, 
which reviews world population, pays 
tribute to the invaluable work of the 
United Nations in the field of demogra- 
phy, but in a section headed “An Ago- 
nizing Appraisal,” it points out that the 
U.N. has been “impeded in any real- 
istic, curative attack on the population 
problem, because of a three-way split in 
thinking concerning policy formulation.” 
The three factions are the Communist 
bloc, the Roman Catholic bloc, and the 
Western bloc. 

According to observers, the Commu- 
nist bloc maintains that to limit popu- 
lation is to limit the growth of the 
masses, the working people. The Com- 
munist group acknowledges the popula- 
tion problem but feels that with a 
changed economic and social order, liv- 
ing standards could be improved to meet 
the rapid population increase. An ex- 
ample of the Soviet stand was provided 


SCIENCE, VOL. 129 


— 


“2 








' wa we Se] | Fe 


ion 
58, 
1ed 


10st 
jor 
end 
ond 
ong 
ha 

re- 


tion 
etin, 
pays 

the 
gra- 
Ago- 
t the 
real- 
ation 
lit in 
ion.” 
unist 


d the 


nmu- 
popu- 
f the 
Com- 
ypula- 
ith a 
r, liv- 
) meet 
n ex- 


vided 
DL. 129 





a 





on 13 March at a meeting in Australia 
of the U.N. Economic Commission for 
Asia and the Far East. During a 2-day 
debate on population the Soviet delega- 
tion was the only one to oppose limita- 
tion of the fast-growing Asian population, 
P. M. Chernyshev, deputy leader of the 
delegation, is reported to have said 
(New York Times, 15 March): “The 
key to progress does not lie in a limita- 
tion of population through artificial re- 
duction of the birth rate, but in the 
speedy defeat of the economic back- 
wardness of these countries.” 

It is interesting to note that Kerala, 
the only Communist state in India, has 
perhaps one of the most advanced birth- 
control programs in the country. An In- 
dian spokesman reports that at first the 
Communist politicians opposed the Cen- 
tral Government’s family-planning pro- 
gram, but when they came to power they 
reversed their stand because they found 
it impossible to deal with Kerala’s eco- 
nomic difficulties without reducing the 
dense population—1017 people per 
square mile. 

The U.N.’s Roman Catholic bloc con- 
cedes that rapid growth in over-popu- 
lated regions is serious; however, it re- 
fuses to consider any corrective programs 
that might lead to the use of controls 
morally unacceptable to the church. 
The third group consists of the demo- 
graphic representatives of the Western 
nations, who cannot accomplish very 
much without the cooperation of the 
first two groups. 

The Population Reference Bureau ar- 
ticle observes that the result of these 
differences has been a “tendency to talk 
in generalities, and to shy away from 
recommendations for coordination of 
United Nations efforts and for guidance 
to member nations in policy formation.” 
The article ends by pointing out that 
the global efforts to reduce mortality cost 
approximately $30 million each year, 
while only a few million dollars are allo- 
cated to programs that affect birth rates. 


U.N. Population Commission Meeting 


A recent major event in population 
study, the biennial meeting of the United 
Nations Population Commission, pro- 
vides encouragement about the future 
role of the U.N. At the close of a 2-week 
session in. Geneva, the commission 
adopted unanimously a report that called 
attention to the “unprecedented in- 
crease” in world population. The 15- 
member body expressed concern not with 
the accelerating growth itself but with its 
social and economic consequences in un- 
derdeveloped countries. The commission 
urged that the United Nations shift the 
emphasis of its activities in the demo- 
graphic field, saying: “While continuing 
to increase the technical coverage and 
quality of demographic information, it 
can devote more attention to aiding 
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countries in the study of the interrela- 
tion of population growth, vital rates and 
population structure on the one hand, 
with economic and social development 
on the other.” 

Since the United Nations population 
efforts have so far been primarily de- 
voted to collecting data, the recommen- 
dations approved by this conference in- 
dicate a distinctly hopeful trend. Robert 
C. Cooke, director of the Population 
Reference Bureau, commented that this 
formal recognition of the soaring popu- 
lation, combined with the suggestion that 
data be related to economic and social 
problems, could be described as a “not- 
able milestone” in United Nations popu- 
lation activities. 

The report of the Population Com- 
mission, a subsidiary body of the U.N. 
Economic and Social Council, will be 
presented to the council’s 27th session, 
convening in Mexico City on 7 April. 


Illiteracy Rates Cited 


Last month some of the key factors in 
population study were outlined by Wil- 
liam S. Vogt, director of the Planned 
Parenthood Federation of America, 
when he spoke in Washington on “Popu- 
lation Growth and Dwindling Re- 
sources.” In analyzing the interrelation- 
ship of population and various economic 
and social factors, Vogt stressed the kin- 
ship of population and literacy rates. 
Without education, economic improve- 
ment is impossible. In Egypt the illiter- 
acy rate dropped from 93 percent to 80 
percent in a 40-year period, but the 
number of illiterates increased by 3 mil- 
lion. In Brazil the rate dropped from 65 
percent to 51 percent between 1900 and 
1950, but the number of illiterates in- 
creased by 9 million. And finally, in In- 
dia the rate dropped from 94 percent to 
80 percent, but the number of illiterates 
increased by 138 million. 

Vogt then presented some figures from 
the point of view of our educational sta- 
tistics at the primary-school level. Our 
annual population is increasing at the 
rate of 11 percent in the number of chil- 
dren in the primary grades. In Egypt the 
number is 33 percent; in El Salvador, 
35 percent; in Mexico, 27 percent; and 
in Taiwan, even with the West’s exten- 
sive aid, 29 percent. 

Vogt emphasized that in all the under- 
developed areas there is great misman- 
agement of resources; soil erosion is 
acute. He commented that India, in par- 
ticular, with its annual population in- 
crease of 6 to 7 million, is a challenge 
to science. India will double her popula- 
tion of some 370 million in 40 years, 
Pakistan in 35. In northwestern India the 
soil is so exhausted that it contains only 
1 percent organic matter. Vogt men- 
tioned the recent food riots and the 
United States wheat that is being sent 
to prevent famine. 


Planned Parenthood Conference 

Vogt devoted much of his talk to 
Southeast Asia, basing many of his re- 
marks on two papers that he had heard 
at the International Conference on 
Planned Parenthood in New Delhi, In- 
dia, 14-21 February. One of the papers 
was by Halvor Gille, a Dane who is so- 
cial affairs officer for the Social Affairs 
Division of the U.N. Economic Com- 
mission for Asia and the Far East. Gille 
did not attend the Delhi meeting in an 
official capacity, however. When Vogt 
explained this, he mentioned the inade- 
quacy of the United Nations program. 

Gille’s paper pointed out that although 
Southeast Asia covers only cne-seventh 
of the total land area in the world, it 
has 53 percent of the world’s population. 
He emphasized that the region has more 
than 25 million new mouths to feed 
every year, and that per-capita food con- 
sumption is 15 percent below the pre- 
war level, despite all the scientific and 
agricultural efforts. He estimated that in 
mainland China alone, with 650 million 
people, the population is increasing by 
more than 1 million every month. Vogt 
said that another of Gille’s interesting 
points was his observation that children 
under 15 years of age constitute about 
40 percent of the population in the re- 
gion, whereas they constitute only 25 
percent in the West. 

The second paper that Vogt described 
was “Population in an Atomic Age” by 
Homi J. Bhabha, chairman of the Indian 
Atomic Energy Commission. Bhabha 
has no faith that population can be re- 
duced through clinical methods, cer- 
tainly not those of the West. Pointing 
out that to improve living conditions in 
India an immediate 30-percent popula- 
tion reduction is necessary, Bhabha sug- 
gested that the only solution is an oral 
contraceptive that could be put into 
food—into rice or salt, perhaps. Further, 
he urged the creation of a “strong” cen- 
tral institute for research into the prob- 
lem of controlling population on a na- 
tional scale. Observing that Bhabha’s 
paper had been most impressive, most 
forthright, Vogt said: “If we could get 
more Asian scientists such as Bhabha 
working on this problem, I’d be a lot 
more optimistic.” 

Sir Julian Huxley, eminent British 
scientist, also spoke at the conference on 
the subject of oral contraceptives, say- 
ing, according to the Hindustan Times: 

“Efficient birth control methods are 
necessary to counterbalance the effect of 
efficient death control. Research for the 
development of a cheap and satisfactory 
oral contraceptive should be interna- 
tional.” 

On the final day of the New Delhi 
meeting, the role of the United Nations 
was again emphasized when the confer- 
ence adopted a resolution which pro- 
posed that a family-planning program 











be made an integral part of the activi- 
ties of United Nations specialized agen- 
cies. The resolution made these recom- 
mendations: (i) the World Health 
Organization should provide contracep- 
tive information as a part of its health 
program; (ii) the Food and Agriculture 
Organization should combine a family- 
limitation campaign with its efforts to 
increase food production; (iii) the Eco- 
nomic and Social Council should con- 
sider family planning as a “major 
means” of improving living standards; 
and (iv) the Human Rights Commis- 
sion should include voluntary parent- 
hood and freedom to obtain family- 
planning education in the listing of basic 
human rights. 





Fallout of Strontium-90 


On 23 March new information about 
fallout of radioactive material from 
nuclear tests was released in censored 
form by Senator Clinton P. Anderson 
(D-N.M.), chairman of the Joint Con- 
gressional Committee on Atomic Energy. 
The information appeared in part in let- 
ters by Maj. Gen. Herbert B. Loper (re- 
tired), special atomic energy assistant to 
the Secretary of Defense, and Willard F. 
Libby, commissioner, Atomic Energy 
Commission. Following are the texts of 
the letters. 


Letter from Loper 


Feb. 19, 1959 
Dear Mr. CHAIRMAN: 

The following is a brief status report 
outlining the present programs for ana- 
lyzing and evaluating the radiation haz- 
ards resulting from atomic detonations. 

Fallout reports from Operations Red- 
wing (1956), Plumbbob (1957), and 
Hardtack (1958), are currently under 
preparation. 

The hazards of local contamination 
from nuclear-weapon detonations have 
been fairly well delineated. However, the 
difficulty in accurately predicting the 
rapidly varying atmospheric conditions 
results in uncertainties as to the area of 
fallout. Predictions of local fallout con- 
tours from enemy bombs must be based 
on a large number of assumptions such 
as the type of weapon, height of burst, 
and yield. These unknowns do not allow 
accurate prediction of fallout from 
enemy bursts during wartime. Delinea- 
tion of contaminated areas by airborne 
radiac instruments after deposition of 
the fallout is presently practicable and 
will be of considerable military and civil 
value during wartime. 

The deposition of world-wide fallout 
or world-wide surface contamination is 
now beginning to be accurately meas- 
ured . . . (Classified portion deleted) 
. . . Recent indications are that the ra- 
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dioactivity in the stratosphere has a resi- 
dence half-life of two years (in contrast 
to the previously assumed value of about 
seven years) and the present amount of 
Sr®° in the stratosphere would be main- 
tained by the injection of about 6 mega- 
tons of fission products per year. The 
concentration of the Sr®° on the surface 
of the earth is greater in the United 
States than in any other area of the 
world. The danger of carbon-14 and 
cesium-137 has been examined, and the 
immediate probability of any one indi- 
vidual being affected is about 1 in 
500,000. 

The risk of damage resulting from the 
testing of weapons is therefore extremely 
small and much less than other common 
occurrences such as x-rays, automobiles, 
chemical contaminants, household clean- 
ers, etc. However, the probable casual- 
ties attributable to radioisotopes from 
weapon testing when summed over the 
populations of thousands of years create 
a moral issue that could be of consider- 
able propaganda importance. 

The distribution of the radioactive de- 
bris in the stratosphere as a result of 
the detonations to date is not clearly de- 
fined as to its altitude and latitude varia- 
tion. The altitude dependence partially 
determines the drip-out rate and the lati- 
tude dependence influences the extent 
to which the world-wide fallout is uni- 
form over the earth. Tentative conclu- 
sions to date indicate that three-tenths 
of the quantity of radioactive debris 
leaves the stratosphere each year, that 
the north-south diffusion of radioactive 
particles in the stratosphere does exist, 
and that in both hemispheres there is a 
latitude band of maximum drip-out 
which is from 35 degrees to 50 degrees 
north or south, 

There is a need for more experimental 
and collecting programs in the following 
areas of the effects and behavior of fall- 
out from nuclear weapons: 

(a) Amount of fallout deposited lo- 
cally from a low height of burst. 

(b) More accurate determination of 
the drip-out rate of radioactive particles 
from the stratosphere. 

(c) Further define the estimate of the 
amount of radioactivity formed per kt 
[kiloton] of fission yield. 

(d) The refinement of measuring tech- 
niques to account for all radioactivity 
produced from a nuclear yield. 

(e) Advancements in the knowledge 
of fireball chemistry, physics and par- 
ticle behavior. 

(f) Response of biological systems to 
radiation. 

Sincerely yours, 
(s) Hersert B. Loper 
Assistant to the Secretary of Defense 
(Atomic Energy) 
Hon. Cirnton P. ANDERSON 
Chairman, Joint Committee on Atomic 
Energy 


Letter from Libby 
Feb. 27, 1959 
Hon. Herbert B. Loper, Chairman, 
Military Liaison Committee. 
Dear GENERAL LoPER: 

In connection with your letter to Sena- 
tor Anderson of Feb. 19, 1959, concern- 
ing radiation hazards resulting from 
atomic detonations, I have just com- 
pleted a study of data . . . which you 
kindly made available to us last Decem- 
ber. I am sorry that, because of the com- 
plexity of the problem and my preoccu- 
pation with other duties, I have been so 
slow in finishing my consideration of 
the data and in sending on my com- 
ments. .. . 

I think your letter to Senator Ander- 
son is an excellerit exposition of the 
present position we are in. There are, 
however, one or two points you make on 
which I believe further words are neces- 
sary in order to resolve some questions. 

The extensive data that have already 
been published by Project Sunshine and 
the United Kingdom study group, to- 
gether with your beautiful . . . work, still 
leave us, despite their great volume and 
complexity, in some uncertainty, as you 
say, as to the distribution of the radio- 
active debris in the stratosphere to both 
altitude and latitude variation, since the 
altitude variation determines in part the 
drip-out rate and thus the residence half- 
life in the stratosphere, this quantity is 
left in some doubt. My own present con- 
clusion is in agreement with yours as 
stated in your letter, in that my previous 
value of seven years for this important 
number is too long and that it should be 
reduced. In a restudy of this question 
being released March 13 in Seattle, a 
copy of which will be sent you as soon 
as it is printed, a new value of about 
four years rather than the earlier seven 
is arrived at. I find it difficult to push 
it down to the two years you give as an 
indicative value. 

On the amount of strontium-90 in the 
stratosphere, at the present time there is 
a somewhat larger difference in our esti- 
mates which may be due to your not 
having included the Russian series of 
last October, which in itself alone, ac- 
cording to my estimates, increased the 
stratospheric inventory by about 50 per- 
cent... . You give the present inventory 
as requiring 6 mt (megatons fission 
equivalent) per year to be maintained 
at its present level. For a half-life of two 
years this corresponds to only 17 mt 
total and appears to leave too little room 
for the injections from tests before last 
October, which I estimate still have left 
some 25 to 30 mt and a corresponding 
required rate of injection for steady 
maintenance of about 7 mt per year. 
The closeness of this figure to your 6 mt 
per year number shows how badly we 
need further information on the actual 
stratospheric content. 
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You indicate that the stratospheric 
fallout occurs at maximum rates in the 
30 degree to 50 degree bands of lati- 
tude in both hemispheres. This old argu- 
ment still is not quite settled, I believe, 
although the evidence in favor of your 
conclusion is increasing. My principal 
difficulties with it at the moment are 
that we know that a considerable part 
of the peak in observed fallout in these 
latitudes in the Northern Hemisphere is 
due to tropospheric or local fallout which 
was never in the stratosphtre and the 
evidence for a corresponding peak in the 
Southern Hemisphere seems to beirather 
weak. 

With respect to the carbon-14 and 
cesium-137 hazards, the laboratories 
measuring radiocarbon dates in various 
parts of this country, in Europe and New 
Zealand have sent me data on the pres- 
ent increase in the carbon-14 content of 
living matter which amounts to about 10 
percent of the natural level of carbon-14 
from the cosmic rays which in itself cor- 
responds to about 1.5 milliroentgen per 
year—about 1.5 percent of the average 
total natural dose rate. Turning to 
cesium-137, Dr. E. C. Anderson in the 
Health Division at our Los Alamos 
Laboratory has just reported data on the 
human level in the United States and 
Europe for the late summer and early 
fall of last year which amount to an 
average of about 75 micromicrocuries 


"per gram of body potassium for an inter- 


nal dose rate of about 3 milliroentgens 
per year. The total cesium-137 fallout 
in the United States now amounts to 
about 50 millicuries per square mile. 
This adds about 1 mr/yr of external 
dose for a total of about 4 mr/yr due to 
cesium-137, which is about 3 percent of 
the natural average radiation dose rate 
from natural radioactivity and the cos- 
mic rays. I can’t tell whether these num- 
bers are in strict keeping with your esti- 
mate that the immediate probability of 
any one individual being affected by 
bomb-test carbon-14 and cesium-137 is 
about 1 in 500,000 but I think your esti- 
mate looks reasonable. 

On the many other points in your let- 
ter I find myself in complete agreement, 
particularly about the importance of 
more experimental and collecting pro- 
grams on the amount of fallout deposited 
locally from a low height of burst. Since 
it may be that we will not again have 
the opportunity to test devices, at least 
above ground, it is particularly impor- 
tant to consider whether we may not col- 
lect more information at this point from 
past tests. I believe there are some pos- 
sibilities of doing this and I suggest that 
we undertake such a program jointly 
right away. 

Sincerely yours, 
W. F. Lrssy 
Commissioner, Atomic Energy 
Commission 
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Young Research Workers for 
Government Laboratories 


As the result of its first use of the Re- 
search Scientist Examination, the Civil 
Service Commission has 105 of the 200 
young research workers it started search- 
ing for last December. The success- 
ful applicants, selected from a group 
of 370 who took the test, are now quali- 
fied to be considered for assignment to 
11 federal laboratories in the Washing- 
ton, D.C., area. They will be given op- 
portunity to begin research work with a 
starting salary of $5430. Placement has 
already begun. A second and last test 
was administered to 690 persons in late 
March; 100 additional applicants are ex- 
pected to qualify. 


New Program 


The two tests are part of a new per- 
sonnel program conducted by the Civil 
Service Commission for 11 Washington 
area laboratories which need young re- 
search workers. The National Bureau of 
Standards, the National Institutes of 
Health, the Naval Research Laboratory, 
and 8 other agencies compose the inter- 
ested group. The recruiting program is 
unusual in that it offers high starting 
salaries, direct entry into research posi- 
tions, and thorough and imaginative 
testing of the applicant’s research poten- 
tial. Persons taking the positions will be 
given the opportunity to continue their 
formal education beyond the bachelor’s 
degree. The 11 scientific facilities plan 
to devise means by which advanced study 
can be undertaken; in some cases it is ex- 
pected that the worker’s laboratory proj- 
ect will be applicable to his degree re- 
quirements. 

Unlike other Civil Service programs, 
which use academic records as the pri- 
mary basis of selection, the new recruit- 
ing system requires the applicant to take 
two tests. The first examines for knowl- 
edge of the subject matter of either 
chemistry, physics, or mathematics, or a 
combination of the first two. The second 
test examines for skill at mathematical 
formulation, an ability that has been 
found to have a high correlation with 
creative research potential. 


Wide Range of Colleges 


A remarkably wide range of colleges 
was represented by the first group of ap- 
plicants for the commission’s test given 
last February. More than 150 institutions 
were listed as the last school attended; 
73 colleges had educated the 105 appli- 
cants who passed. The major universities 
of the country had only a limited repre- 
sentation on the list, which was composed 
to a considerable extent of small colleges 
such as Alverno, Loras, Wofford, and 
Canisius. Albert Maslow of the commis- 
sion’s test development section has spec- 
ulated that this preponderance of smaller 


institutions might have been caused by 
two things, among others; the fact that 
the large colleges and universities have 
large and effective senior placement serv- 
ices, and the fact that the small colleges 
are probably less often visited by indus- 
trial and governmental recruiting teams. 
The small college man, in other words, 
has to go out and look for a job, and the 
commission’s program, with its high sal- 
aries, was apparently quite attractive. 


Success of Test 


Working with preliminary data, the 
Civil Service Commission’s testing ex- 
perts feel that the tests, collectively 
called the Research Scientist Examina- 
tion, show promise of considerable suc- 
cess. Although the final evaluation can 
only be made after the successful appli- 
cants have been working for a number 
of years, other information now available 
indicates that two major aims have been 
accomplished. The first is that the test 
drew persons from the age group that 
the designers had in mind. The great 
majority of the applicants were 22 or 
younger, and were in their last year of 
college or their first year of postgraduate 
work, A questionnaire, which was given 
with the tests, shows that the majority 
of the applicants, particularly those tak- 
ing the physics subject matter, want to do 
postgraduate work. Success of the test 
is also indicated by the fact that among 
35 percent of those that received high 
scores in the examination reported them- 
selves to have been in the top quarter of 
their college class. Similarly, 44 percent 
of those who did well in the test had re- 
ceived Phi Beta Kappa citations, had 
graduated with honors, or had received 
other recognition for scholarship. Those 
with lower class standing and those with 
no scholarship citations did not do as 
well. In the view of the commission’s ex- 
perts, these findings suggest that the sub- 
ject-matter tests gave an accurate meas- 
ure of the applicant’s knowledge of his 
field. The mathematical formulation test 
is another case. Only time will tell if it 
successfully identified those with creative 
research potential in this group as it has 
in past groups. 

Commission personnel also feel that 
the combined tests effectively compen- 
sate for the differing standards at var- 
ious schools. This problem, difficult with 
just two different institutions, was com- 
pounded by the great number of parent 
institutions listed by the applicants. 

Also, the tests showed that a small 
number of people who were in the lower 
half of their class did very well on the 
examination. In the physics examination, 
for example, three of the 16 persons who 
received the highest scores were in the 
third or fourth quarter of their class. For 
these reasons, and because of the heavy 
response to its new program, the com- 
mission believes that it will be able to 








provide the 11 laboratories 200 research 
workers who will have high potential 
for creative research. 





“GeoScience Abstracts” 


GeoScience Abstracts is the new 
monthly abstract journal that has been 
started by the American Geological In- 
stitute to replace Geological Abstracts, 
which had been published by the Geo- 
logical Society of America for the mem- 
ber societies of the AGI since 1953. The 
launching of the reorganized and ex- 
panded journal has been made possible 
through a grant from the National Sci- 
ence Foundation. 

At the outset, GeoScience Abstracts 
will work toward complete coverage of 
North American geological literature; 
abstracts translated from the Russian 
abstract journal, Referativnyi Zhurnal, 
will also be included as the translations 
are processed by the AGI Translation 
Committee. 

The new journal will feature organi- 
zation of abstracts into 15 subject sec- 
tions, and the objective is to cover geol- 
ogy, solid earth geophysics, and related 
areas of science. An effort will also be 
made to provide effective coverage of 
geologic maps. 

The cooperation of all regular geol- 
ogy-geophysics and other scientific jour- 
nals is being sought, as is the aid of all 
appropriate government agencies in 
Canada, Mexico, and the United States. 
Colleges and universities that publish 
research results are being invited to con- 
tribute. The success of GeoScience Ab- 
stracts will depend upon the cooperation 
of the profession. For subscription infor- 
mation, write to the AGI, 2101 Consti- 
tution Ave., NW, Washington 25, D.C. 


Public-School Enrollment 


Public-school enrollment in this coun- 
try was approximately 1,843,000 over 
the normal classroom capacity of the 
public elementary and secondary schools 
as the current school year began, com- 
pared with an excess enrollment of 1,- 
943,000 in the fall of 1957. This was 
shown in reports from the states in the 
Office of Education’s fifth annual sur- 
vey of public-school enrollment, teach- 
ers, and school housing (Office of Edu- 
cation Circular No. 551). 

The number of public-school pupils 
in excess of public-school classroom ca- 
pacity was 5.4 percent of the total en- 
rollment in the fall of 1958, compared 
with 5.9 percent in the fall of 1957. 
Twenty-four states reported that the 
number of pupils in excess of public- 
school capacity had been reduced as 
school opened last fall, while 18 other 


states and the District of Columbia re- 
ported an increase in excess enrollment. 
One state reported no change, and for 
five states comparisons were not possible. 

The states reported a need for 140,500 
additional instruction rooms, compared 
with 142,300 a year ago. Of the 140,500 
rooms needed at the beginning of the 
current school year, 65,300 rooms were 
needed to accommodate the 1,843,000 
pupils enrolled in excess of normal ca- 
pacity and 75,200 to replace facilities 
considered obsolete or otherwise un- 
satisfactory. 

Enrollment in the public schools in- 
creased 1,148,000 over the previous year. 
The states reported about 33,936,000 
pupils enrolled in the fall of 1958, an 
increase of 3.5 percent over the previous 
fall. 

The number of classroom teachers 
rose from about 1,253,000 in the fall of 
1957 to about 1,300,000 in the fall of 
1958, an increase of 47,000 or 3.8 per- 
cent. Overall, the pupil-teacher ratio 
was 26.1 in the fall of 1958, compared 
with 26.2 in the fall of 1957. The pro- 
portion of teachers with less than stand- 
ard certificates declined from 7.3 to 7.1 
percent. 


Kitt Peak Observatory 


Astronomers may now submit requests 
for use of the facilities at Kitt Peak Na- 
tional Observatory. Observing can prob- 
ably begin about January 1960. Observ- 
ing time can also be assigned to a limited 
number of graduate students. Subject to 
the availability of funds, travel expenses 
and subsistence will be granted to stu- 
dents. 

The 36-inch and the 16-inch tele- 
scopes at the observatory will be 
equipped for ultraviolet-blue photometry 
with refrigerated photomultipliers. A 
classification spectrograph will be added 
to the large telescope shortly after Janu- 
ary 1960. A ratio spectrometer is cur- 
rently available on the small telescope, 
and a similar unit will soon be added to 
the large one. 

Requests for further information and 
applications should be sent to the Direc- 
tor, Kitt Peak National Observatory, 
1033 North Park Ave., Tucson, Ariz. 


Federal Council for Science and 
Technology Established 


On 13 March President Eisenhower 
signed the executive order that brought 
the recommended Federal Council for 
Science and Technology into being. The 
new council, which will have James R. 
Killian as chairman, has the responsi- 
bility of promoting coordinated policy 
planning for the many federal agencies 





engaged in scientific and technologica) 
work. The recommendation for the es- 
tablishment of the group was made last 
December by the President’s Science 
Advisory Committee. 

The council will be composed of eight 
members representing the following de- 
partments and agencies: Departments 
of Defense, Interior, Agriculture, Com- 
merce, and Health, Education, and Wel- 
fare; the National Science Foundation; 
the National Aeronautics and Space Ad- 
ministration and the Atomic Energy 
Commission. In addition, the executive 
order authorizes the Secretary of State 
and the director of the Bureau of the 
Budget to send observers to the council 
meetings. 

In its last section, the order states: 
“The council shall be advisory to the 
President and to the heads of federal 
agencies represented on the council; ac- 
cordingly, this order shall not be con- 
strued as subjecting any agency, officer, 
or function to control by the council.” 


Associated Colleges of the Midwest 


The Ford Foundation has granted 
$525,000 to help ten private Midwest 
colleges launch a broad cooperative 
plan to improve their educational and 
financial problems. The grant went to 
Cornell College, Mount Vernon, Ia., 
which is the fiscal agent for the group, 
known as the Associated Colleges of the 
Midwest (ACM). The grant will cover 
the basic operating costs of the organi- 
zation for 5 years. The group will raise 
matching funds to be used for special 
projects and later operations. 

Besides Cornell College, the other 
colleges are Beloit (Beloit, Wis.) , Carle- 
ton (Northfield, Minn.), Coe (Cedar 
Rapids, Ia.), Grinnell (Grinnell, Ia.), 
Knox (Galesburg, Ill.), Lawrence (Ap- 
pleton, Wis.), Monmouth (Monmouth, 
Ill.), Ripon (Ripon, Wis.), and St. Olaf 
(Northfield, Minn.). Together, they en- 
roll 10,000 students and have about 700 
faculty members. 

The aim of the ACM members is to 
achieve steady improvement in the qual- 
ity of their educational programs 
through strengthening and making the 
best use of their available resources. The 
assumption is that they can accomplish 
some things collectively that they can- 
not do as well singlehandedly. Although 
ACM will conduct joint studies and 
experiments and certain joint opera- 
tions, each member college will retain 
full independence of control over its 
own affairs. 

The studies may cover such topics as 
trends in academic courses, the relation 
of size to costs, alternatives to the con- 
ventional academic year, utilization of 
facilities, the effects of varying class 
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size, effect of independent study by stu- 
dents, faculty salaries, standardized ac- 
counting practices, tuition, scholarships 
and loans, sources of funds, and invest- 
ment policies, 

Among the possible joint operations 
ACM may undertake are standardiza- 
tion of admission procedures and schol- 
arship qualifications, pooling of library 
resources, joint offices for recruiting stu- 
dents, sharing of faculty members, ex- 
pansion of cooperative arrangements for 
purchasing, research, faculty recruit- 
ment, and fund raising. The ten colleges 
may also explore the usefulness of a 
joint press, a summer school held on a 
different campus each year, a uniform 
calendar or a three-term-per-year plan, 
and interchange of lectures, concerts, 
and other extracurricular activities. 


Los Alamos Accident 


The Los Alamos Scientific Laboratory 
has completed its investigation of the 
circumstances surrounding the radiation 
accident which occurred at the labora- 
tory on 30 December 1958, which re- 
sulted in the fatal injury of one em- 
ployee. A technical report describing in 
detail the circumstances of the accident 
has been prepared and is available (50¢ 
per copy) at the Office of Technical 
Services, Department of Commerce, 
Washington 25, D.C. This report de- 
scribes the events leading to the acci- 
dent, the situation at the time of the cri- 
tical burst, the removal and analysis of 
the solution that caused the burst, and 
the steps being taken to prevent a recur- 
rence. Medical and pathological data 
resulting from studies now being carried 
on by the laboratory’s health division 
will probably be ready for publication by 
midsummer. 

An investigation review committee has 
found that the accident was directly at- 
tributable to errors on. the part of. the 
operator during a series of transfers of 
plutenium and organic solutions between 
containers in a chemical plutonium re- 
covery process. The committee also 
found that the procedures for this proc- 
ess were such that safety of operation 
depended substantially on the ability 
and judgment of individual operators, 
but that the incident might have been 
prevented had the organizational * ar- 
rangement required closer supervision to 
insure that normal procedures were fol- 
lowed, 


Woodrow Wilson Fellows 


The Woodrow Wilson National Fel- 
lowship Foundation, Princeton, N.J., has 
announced the names of 1200 American 
and Canadian students as Woodrow 
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Wilson fellows. The foundation recruits 
promising students who intend to be 
teachers and supports them for their first 
year of graduate study. The project is 
backed by a $25-million grant from the 
Ford Foundation. 

It has been predicted that between 
30,000 and 40,000 new full-time college 
teachers will be needed to train the wave 
of students seeking college educations in 
the 1960’s. The current annual output of 
Ph.D’s averages 9000, of which only half 
go into college teaching. 

This year’s Wilson fellows were chosen 
from 7000 candidates from more than 
700 undergraduate colleges. New Wilson 
fellows will begin graduate work next 
fall at 80 different universities. Each fel- 
low receives a living allowance of $1500, 
plus the full cost of tuition and fees. 
Married students receive additional sti- 
pends. 

In this year’s group of winners there 
are 875 men and 325 women. Of these, 
38 percent are planning to take courses 
in the humanities, 34 percent, in the 
social sciences, and 28 percent, in the 
natural sciences and mathematics. 


Nuclear Information Center 


An information center has_ been 
opened by the United Kingdom Atomic 
Energy Authority at 11 Charles II St., 
London, S.W. 1, that provides a central 
location where published unclassified 
material may be consulted with no se- 
curity restrictions. Advice on sources of 
information is also given. A collection 
of unclassified reports, indexes, and ab- 
stracts of atomic energy literature, and 
publications on the work of the AEA, 
are all on file. 

Adjoining the center is an 8000-print 
photographic library. Prints may be 
bought from stock or ordered to suit par- 
ticular requirements. Slides in color and 
black-and-white may be borrowed. 


British Association for 
Medical Education 


The Association for the Study of 
Medical Education in Great Britain, or- 
ganized late in 1957 to serve as a forum 
for persons interested in the problems 
of medical education and as a clearing- 
house for information in the field, will 
be assisted during its initial, develop- 
mental years by a grant of £10,000 
(about $28,500) from the Rockefeller 
Foundation to The Royal College of 
Physicians, London. The major purposes 
of the association are to exchange infor- 
mation on medical education in Great 
Britain; organize meetings on relevant 
topics; maintain a bureau where infor- 
mation can be received, stored, and 


made available to those interested; and 
encourage, promote, or conduct research 
into matters concerned with medical 
education. Almost all the licensing bod- 
ies and medical schools of Great Britain, 
as well as individual medical educators 
and practitioners, are members of the 
new association. 


Research Associateship Program 


A program of research associateships, 
offering stipends of $8000 and more a 
year and opportunities for work in the 
sciences bearing on space exploration, 
has been announced by the National 
Academy of Sciences—National Research 
Council and the National Aeronautics 
and Space Administration. 

The associateships, which will involve 
both theoretical and experimental re- 
search at NASA’s Beltsville, Maryland, 
Space Projects Center, are being offered 
to two groups—those who are at the im- 
mediate postdoctoral level and those 
who are well-established investigators in 
disciplines germane to space explora- 
tion. Associateships for the first group, 
designated “regular,” will carry the 
stipend of $8000 a year, the normal 
period of tenure; those for the second 
group, the “senior” associateships, will 
carry stipends adjusted to match the in- 
dividual’s salary. 

Applicants for the regular associate- 
ships must produce evidence of training 
equivalent to that represented by the 
doctorates of philosophy or science or 
must have completed the requirements 
for one of these degrees at the time of 
entering upon the position. In addidon 
to the documents normally required for 
such an application, a plan of research 
to be conducted at the NASA laboratory 
must be submitted. Selection of the 
senior associates will be based on letters 
of recommendation and evidences of 
previous scientific accomplishments and 
scholarly activity. The applicants will 
be evaluated and passed on by a board 
appointed by the National Academy of 
Sciences—National Research Council; in 
all cases they will be expected to have 
demonstrated superior ability for crea- 
tive research. 

Successful applicants in this program 
will work at the NASA Space Projects 
Center in either the space sciences divi- 
sion, under J. W. Townsend, or the theo- 
retical division, under Robert Jastrow. 
In Townsend’s division, which does ex- 
perimental work, suitable areas for re- 
search would be fields and particles, 
planetary atmospheres, astronomy, solar 
physics, and meteorology. The moon and 
planets, astrophysics, and plasma physics 
will be the concerns of the associates 
working in the theoretical division. It is 
expected that later appointees will take 








part in additional activities in NASA. 

Applications should be received by 30 
April 1959. Requests for applications 
and further information should be ad- 
dressed to Fellowship Office, National 
Academy of Sciences—National Research 
Council, 2101 Constitution Avenue, 
NW, Washington 25, D.C. 


News Briefs 


The Geneva conference for a ban on 
nuclear weapons tests went into recess on 
19 March. Before adjourning, the con- 
ferees—representatives from England, 
the United States, and Russia—adopted 
three articles of a draft treaty. This 
brings to seven the number of articles ac- 
cepted during the 72 meetings of the cur- 
rent period of negotiation. The three new 
points are that the proposed treaty 
should be of indefinite duration, that it 
should be registered with the United Na- 
tions, and that the control system should 
be reviewed after 2 years. The con- 
ference, which was recessed at the re- 
quest of England and the United States, 
will reconvene on Monday, 13 April. 

* * * 

The United States has authorized the 
transfer to the United Kingdom of a 
complete nuclear propulsion plant for 
installation in the United Kingdom’s 
submarine Dreadnought. The reactor is 
similar to those being installed in the 
latest U.S. Navy submarines of the 
Skipjack class. Spare parts, the reactor 
core, technical and manufacturing assist- 
ance, and classified information, includ- 
ing restricted data related to the plant, 
will also be supplied. A main objective 
of the transfer is to provide the United 
Kingdom with assistance and knowledge 
to enable that government to speed the 
building of similar nuclear propulsion 
units for use in submarines of the Royal 
Navy. 

* * * 

A radar photographic system that, by 
using four aircraft, could produce a re- 
connaissance map of an area as big as 
the United States is being developed 
for Britain’s bomber force. 

The project, which holds out promise 
of great civil as well as military rewards, 
was recently disclosed to the House of 
Commons in the Air Ministry’s request 
for £491,000,000 ($1,374,800,000) in 
the 1959-1960 budget. In addition to 
its role of military reconnaissance for the 
Royal Air Force, the radar system could 
also be a valuable tool, it is believed, in 
any aerial inspection system arising out 
of a general disarmament agreement. 

a. ee 

More than 9000 archeological sites— 
locations of Indian and frontier settle- 
ments—have been found in the past 12 
years in areas scheduled to be flooded or 
otherwise obliterated in the present res- 
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ervoir-building program, the Committee 
for the Preservation of Archeological 
Remains reports. 

The sites are scattered over 310 reser- 
voir areas in 42 states and constitute re- 
mains of camps, villages, burial mounds 
and other cemeteries, trails, quarries, and 
caves used by Indians; and trading posts, 
forts, pioneer cabins, and settlements of 
white frontiersmen. 

Many of the 9000 sites obviously do 
not merit excavation, says the report. 
Those that do, if the work is carried out, 
“would provide a record of man’s 
achievements in North America over a 
period ranging from 10,000 to less than 
100 years ago.” 

* * * 

The effectiveness of water treatment 
in the removal of radioactive waste ma- 
terials is the subject of “Report of the 
Joint Program of Studies on the Decon- 
tamination of Radioactive Waters,” a 
document jointly prepared by the health 
physics division of Oak Ridge National 
Laboratory and the Robert A. Taft Sani- 
tary Engineering Center of the U.S. 
Public Health Service, and just issued 
by the Public Health Service. Official re- 
quests for copies will be honored by the 
Public Health Service and Atomic En- 
ergy Commission. The report is also 
available from the Office of Technical 
Services, U.S. Department of Com- 
merce, Washington 25, D.C., at $1.00 
per copy (publication number ORNL- 
2057): 


* * * 


The Kaiser Foundation has announced 
the establishment of the Kaiser Foun- 
dation Research Institute (a division of 
the Kaiser Foundation Hospitals) with 
executive offices at 1924 Broadway, Oak- 
land, Calif. The new institute incorpo- 
rates, under the direction of Ellsworth C. 
Dougherty, the former Laboratory of 
Comparative Physiology and Morphol- 
ogy of the Kaiser Foundation, renamed 
the Laboratory of Comparative Biology. 
A second section of the institute, the 
newly established Laboratory of Medical 
Entomology, is under the direction of 
Ben F. Feingold. Both laboratories have 
headquarters at the Kaiser Foundation 
Medical Center, S. 14th St. and Cutting 
Blvd., Richmond, Calif. 


Scientists in the News 


GEORGE WALD, professor of biol- 
ogy at Harvard University, has received 
the 51st Rumford Premium of the Amer- 
ican Academy of Arts and Sciences, for 
“perceptive studies through which he has 
illuminated the biochemical basis of 
vision.” The premium, consisting of a 
$5000 award and a gold and silver 
medal, was presented at a meeting of 
the academy in Brookline, Mass., on 11 
March. 


CLIFFORD GROBSTEIN, professor 
of biology at Stanford University, is the 
recipient of the Albert Brachet Prize of 
the Belgian Royal Academy. The prize, 
which consists of 20,000 Belgian francs 
($500), is given every 3 years for the 
most outstanding work in experimental 
embryology during that period. Grob- 
stein is the first American among the 
eight scientists who have won the award 
during its 24-year history. 


WILLARD F. LIBBY, scientist mem- 
ber of the Atomic Energy Commission 
and professor of chemistry at the Uni- 
versity of California, Los Angeles, has 
been named the recipient of the 1959 
Albert Einstein Medal and award, con- 
sisting of $5000. The award is given by 
the Lewis and Rosa Strauss Memorial 
Fund, which was established in 1951 by 
Lewis L. Strauss, former AEC chair- 
man, in memory of his parents. 


M. D. ARMSTRONG, officer in 
charge, Road Research Scottish Labora- 
tory, Glasgow, Scotland, has been invited 
to give 30 lectures at Northwestern Uni- 
versity, Evanston, IIl., from 1 April to 
15 June. 


JAMES C. LAMB, sanitary engineer 
with American Cyanamid Company, 
N.J., has been appointed associate pro- 
fessor of sanitary engineering at the Uni- 
versity of North Carolina School of Pub- 
lic Health, Chapel Hill, N.C. 


JOHN G. N. BRAITHWAITE, for- 
merly with the electronics division of the 
Canadian Westinghouse Company, has 
joined Baird-Atomic, Inc., Cambridge, 
Mass., as senior infrared scientist. 


EDGAR ZWILLING, associate pro- 
fessor of animal genetics at the Univer- 
sity of Connecticut, has been appointed 
professor of biology at Brandeis Univer- 
sity, effective 1 July. 


The following scientists were among 
the winners of Rockefeller Public Serv- 
ice Awards: 

DEAN R. CHAPMAN, aeronautical 
research scientist, National Aeronautics 
and Space Administration, Ames Re- 
search Center, Moffett Field, Calif. 

CHARLES L. CHRIST, physicist 
and laboratory director, Geochemistry 
and Petrology Branch, U.S. Geological 
Survey. 

MARVIN A. SCHNEIDERMAN, 
section head, Cancer Chemotherapy Na- 
tional Service Center, National Cancer 
Institute, National Institutes of Health. 


W. DAYTON MACLAY, director of 
U.S. Department of Agriculture’s North- 
ern Utilization Research and Develop- 
ment Division, Peoria, Ill., has been 
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appointed assistant administrator of the 
Agricultural Research Service. He suc- 
ceeds GUIDO E. HILBERT, who re- 
cently was appointed director of the For- 
eign Research Contracts and Grants 
Program. FREDERIC R. SENTI has 
been named acting director of the North- 
ern Utilization Research Laboratory. 


PETER C. KRONFELD, professor 
of ophthalmology at the University of 
Illinois College of Medicine, has been 
appointed head of the department of 
ophthalmology and ophthalmologist-in- 
chief at the university’s hospital and at 
the Illinois Eye and Ear Infirmary. 


FREDERICK C. NACHOD, director 
of the physical chemistry laboratory at 
Sterling-Winthrop Research Institute, 
New York, and adjunct professor of 
chemistry at Rensselaer Polytechnic In- 
stitute, has been awarded the Order of 
Merit of France’s Society for Encourage- 
ment of Research. The award is offered 
annually and is sponsored jointly by 
France’s Ministries of Education, Indus- 
try, Commerce, and Public Health. 


HERBERT C. BROWN, professor of 
chemistry at Purdue University and a 
specialist on the chemistry of boron jet- 
fuel material, has received the 1959 Wil- 
liam H. Nichols Medal of the American 
Chemical Society’s New York Section. 


The following scientists were among 
the recipients of the 1958 Borden awards. 
These awards, consisting of a gold 
medal and $1000, are administered by 
professional and scientific associations. 
The 1958 winners were: 

WILLIAM G. GORDON, supervis- 
ory chemist, Eastern Regional Research 
Laboratory, U.S. Department of Agri- 
culture, the American Chemical Society 
award for contributions in the funda- 
mental chemistry of milk products. 

W. JAMES HARPER, associate pro- 
fessor of dairy technology, Ohio State 
University, the American Dairy Science 
Association award for contributions in 
dairy bacteriology and biochemistry. 

JAY L. LUSH, professor of animal 
husbandry, Iowa State College, the 
American Dairy Science Association 
award for research in the genetics and 
breeding of dairy cattle. 

MAY S. REYNOLDS, professor of 
foods and nutrition, University of Wis- 
consin, the American Home Economics 
Association award for research in protein 
metabolism. 

LEMUEL D. WRIGHT, professor of 
nutrition, Graduate School of Nutrition, 
Cornell University, the American Insti- 
tute of Nutrition award for the develop- 
ment of new microbiological assay pro- 
cedures for various vitamins and the dis- 
covery of biocytin. 

CHARLES D. MAY, clinical profes- 
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sor of pediatrics, College of Physicians 
and Surgeons, Columbia University, the 
American Academy of Pediatrics award 
for his contribution to long-term meta- 
bolic studies of infants fed with human 
milk. 

CHESTER A. MANTHEI, U.S. De- 
partment of Agriculture, Beltsville, Md., 
the American Veterinary Medical Asso- 
ciation award for research in the con- 
trol and eradication of brucellosis in 
dairy cattle. 


CURTIS B. THORNE, supervisory 
biochemist at the Army Chemical Corps 
Biological Warfare Laboratories, Fort 
Detrick, Frederick, Md., has received 
the 1959 Waksman Award of the Theo- 
bald Smith Society, which is the New 
Jersey section of the Society of Ameri- 
can Bacteriologists. 


The following scientists are among the 
winners of the National Civil Service 
League’s fifth annual Career Service 
Awards. The league is a nonpartisan or- 
ganization of citizens for good govern- 
ment. It makes the awards to federal 
employees “who exemplify the highest 
characteristics of public service.” The 
winners were honored at a dinner on 2 
March in the Sheraton Park Hotel, 
Washington, D.C. 

LYLE T. ALEXANDER, chief of 
the Soil Survey Laboratories, Soil Con- 
servation Service, Department of Agri- 
culture. A government employee for 30 
years, he has made outstanding contribu- 
tions in the fields of soil management, 
soil genesis, clay minerals, and radioac- 
tive materials. 

JOHN B. BARNWELL, § assistant 
chief medical director for research and 
education, Veterans Administration. He 
organized a model cooperative study of 
the chemotherapy of tuberculosis that 
“improved the treatment of TB and 
saved many lives and millions of dol- 
lars.” In federal service for 16 years, he 
is now directing an extensive medical re- 
search program. 

PAUL W. McDANIEL, deputy di- 
rector, division of research, Atomic 
Energy Commission. In federal service 
16 years, his efforts have “contributed 
much to the proper organization and 
operation of the Atomic Energy Com- 
mission to meet the challenges of new 
discoveries.” 

RICHARD A. WEISS, scientific di- 
rector, Army Research Office, office of 
the chief of research and development, 
Department of the Army. He has “sig- 
nificantly advanced our defense capabili- 
ties, in such fields as optics, nucleonics, 
and electronics, and has encouraged the 
youth of the Nation to develop scientific 
talent.” 

CONRAD L. WIRTH, director, Na- 
tional Park Service, Department of the 
Interior. His citation reads: “Having de- 





voted 30 years of public service to the 
conservation of the Nation’s human, cul- 
tural, and natural resources, Wirth has 
given new vitality to the whole program 
of the National Park Service.” 


Recent Deaths 


CORNELIA C. BRANT, New York; 
95; formerly dean of the New York 
Medical College and Hospital for 
Women (now consolidated with Flower 
and Fifth Avenue Hospitals); one of the 
first three women named to a public hos- 
pital staff in New York; 9 Mar. 

MYRON GORDON, New York; 59; 
geneticist and principal investigator for 
the National Cancer Institute; genetics 
associate of the American Museum of 
Natural History, the New York Zoologi- 
cal Society, and the New York Aquar- 
ium; taught at New York University and 
at Columbia University; 12 Mar. 

WILFRID J. JACKSON, New Bruns- 
wick, N.J.; 58; specialist on radar; chair- 
man of the physics department at Doug- 
lass College, since 1946; head of the 
scientific division of the New York 
branch of the Office of Naval Research 
in 1950; formerly associate professor in 
the radar school of Massachusetts Insti- 
tute of Technology; had taught at 
Princeton and Rutgers universities; 13 
Mar. 

JOHN C. KELLER, Utica, N.Y.; 60; 
chairman of the chemistry department 
at Utica College since its establishment 
in 1946; had been director of the chem- 
istry department at Muhlenberg College 
for 20 years; 10 Mar. 

WARREN W. McSPADDEN, New 
York; 55; general manager and assistant 
treasurer of the American Society for the 
Prevention of Cruelty to Animals; for- 
merly supervisor of sciences in the public 
schools of Austin, Tex.; had taught at 
Teachers College, Columbia University; 
12 Mar. 

EVERETT I. YOWELL, Cincinnati, 
Ohio; 89; retired in 1940 as head of the 
astronomy department and as director of 
the observatory at the University of Cin- 
cinnati; vice president of section D of 
the AAAS in 1939; faculty member of 
the mathematics department of the U.S. 
Naval Academy, 1901-09; 12 Mar. 

WILLIBALD WENIGER, Corvallis, 
Ore.; 74; retired in 1949 as dean of the 
Oregon State College Graduate School; 
had been connected with the university 
for 35 years; professor of physics and 
acting director of agriculture, forestry 
and engineering at Idaho State College, 
1956; head of the physics and electrical 
engineering departments at the Univer- 
sity of Alaska, 1951-55; 13 Mar. 


Erratum: The item on the cloud-cover satellite 
[Science 129, 628 (1959)] gave a perigee of 929 
miles. The correct figure as of 17 March is 350 


miles, 





Book Reviews 


Basic Facts on Productivity Change. 
Solomon Fabricant. National Bureau 
of Economic Research, Inc., New 
York, 1959. viii+ 49 pp. $1. 


When you listen today to the discus- 
sion of any burning professional eco- 
nomic problem by economists or laymen 
it will not be long before you hear the 
word productivity. Wage rate increases 
in excess of productivity gains cause in- 
flation. Productivity must be raised if 
the West is to win the battle of produc- 
tion with the nations of the Communist 
bloc. Productivity must rise if produc- 
tion in the underdeveloped countries is 
to match or exceed the population 
growth. If productivity increases as in 
the past, the American economy will 
grow by 40 percent over the next dec- 
ade. Productivity, it seems, is the key to 
the solution of many economic problems. 

The National Bureau of Economic 
Research has initiated a number of re- 
search projects which have a bearing on 
the measurement of changes in produc- 
tivity. These studies will appear in vo- 
luminous tomes over the years; mean- 
while the debate about productivity goes 
on without benefit of these research 
studies, 

In this situation it is highly welcome 
that Solomon Fabricant, director of re- 
search of the National Bureau, presents 
in a small pamphlet the main findings 
of the several research studies which are 
under way. All students of the topic will 
find here in concise form a summary of 
the pioneering work done in this field, 
by John W. Kendrick, in particular. 

However, the layman who is lured to 
this pamphlet by the author’s promise 
to state the findings “in a minimum of 
technical language” (page 3) will be 
more exasperated than enlightened by 
some aspects of the study. If he is look- 
ing for advice on how to measure pro- 
ductivity, he finds not one measurement 
but 46 in the first summary table. Let 
me hasten to add that I do not criticize 
the author for presenting various ways in 
which productivity can and should be 
measured. Indeed, I believe that this 
concept has different meanings and re- 
quires different measurements depending 
on whether it is used, for example, in a 
discussion of the effects of next year’s 
wage rate increases, or in an interna- 
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tional comparison, or in projecting the 
growth of an economy. More guidance 
would have been helpful in determining 
which measurement is most suitable for 
which purpose. 

The summary table presents annual 
long-term productivity gains of between 
0.7 and 2.3 percent for the period from 
1889 to 1953. The most refined measure- 
ments give an average between 1.4 and 
1.7 percent. It seems that the author be- 
lieves that only these figures should be 
used, rather than the 2.3 percent which 
results from the conventional measure- 
ments. 

The conventional measurement of pro- 
ductivity simply divides the dollar value 
of total production by the number of 
man-hours worked in an industry or in 
the economy as a whole. In order to 
make comparisons over time meaningful, 
the dollar values are expressed in con- 
stant prices; in order to make interna- 
tional comparisons of productivity levels 
meaningful, the values have to be ex- 
pressed in some comparable money unit. 
An increase in productivity thus meas- 
ured does not necessarily mean that em- 
ployees have worked that much harder 
or that much more skillfully. The in- 
crease in productivity may be due also 
to the increased use of capital equip- 
ment, to technological and managerial 
innovations, and to many other factors, 
Productivity gains may be held up, 
however, if real costs of production or 
distribution rise—for example, through 
the use of lower-grade raw materials, 
through more costly transportation, 
through increased sales effort (advertis- 
ing), and so on. What we measure is the 
net gain in all these factors. 

The National Bureau studies have 
brought a threefold refinement of this 
conventional measurement of produc- 
tivity. First, it is proposed to use a 
“weighted” measurement of man-hours, 
which takes account of changes in the 
relationship between more or less skilled 
labor (using wage and salary rates for 
measuring differences in skills). The 
second, even more important, refine- 
ment consists in computing the increase 
in production not only per man-hour 
worked but also per unit of tangible cap- 
ital. These two productivity measure- 
ments are then combined into one ratio 
which expresses the extent to which 


total production has increased over and 
above the weighted increase in man- 
hours worked and the increase in tan- 
gible capital. A third kind of refinement 
relates to a special treatment of defense 
production in the production total. This 
refinement is understandable only to 
students familiar with previous National 
Bureau publications. It is used but not 
explained in the present pamphlet. 

The second refinement, the introduc- 
tion of a productivity ratio of an in- 
crease in output related to an increase 
in tangible capital, is the most signifi- 
cant innovation introduced by the Na- 
tional Bureau studies. In virtually all 
instances in which productivity ratios 
have been used heretofore—in connec- 
tion with wage rate increases, inflation, 
international comparisons, and economic 
projections into the future—the conven- 
tional measurement has been used. Is 
the conventional measurement obsolete 
and should the refined measurement be 
used from now on for these various pur- 
poses? Although the author does not 
directly answer this question, the reader 
gets the impression that wrong answers 
are obtained if the conventional meas- 
urement of productivity is used. I will 
briefly attempt to give my own answer, 
because of the crucial importance of 
productivity measurements for so many 
timely issues of practical economics. 

Let us first assume that we are com- 
paring productivity gains of two coun- 
tries—one of extreme capital scarcity, 
the other, of capital abundance. In the 
country of capital scarcity most work is 
done by labor; the installation of addi- 
tional machinery is kept to a minimum. 
In the country of capital abundance 
more machinery is installed year after 
year. Gaged by the conventional meas- 
urement, productivity gains very little in 
the first country; it increases rapidly in 
the second. If the country of capital 
scarcity should be tempted by the com- 
parison to install more machinery, it 
may be making a mistake, because. its 
economic structure may be such that it 
should make the most efficient use of 
labor rather than replace labor by ma- 
chines. The refined measurement would 
more accurately indicate the compara- 
tive advancement in efficiency of the 
two countries. (This simplified example 
should not be construed as a position on 
my part with respect to the question of 
whether adoption of modern technology 
is desirable for overpopulated and un- 
derdeveloped countries.) If we compare 
productivity development in countries 
or time periods of substantially different 
economic structure, the refined method 
of measurements presents an advance- 
ment over the conventional, cruder 
method. 

As a matter of fact, Fabricant does 
use the combined index for a very illu- 
minating long-range historical analysis 
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of the relationship between productivity 
gains and the rise in real earning in the 
economy as a whole and in selected in- 
dustries. These findings give what is 
probably a more accurate picture than 
previous studies made with less refined 
statistical methods. 

Let us now consider the subject of 
productivity gains in connection with 
agreements in wage rate increases. Let 
us assume that labor unions and man- 
agement have agreed on increases in 
wage rates in proportion to the increase 
in productivity in the economy as a 
whole. What difference does it make 
whether the conventional or the refined 
method of measurement is used? If the 
conventional method is used for deter- 
mining a wage rate increase, labor par- 
ticipates pro rata in the net gains in pro- 
duction attributable to the installation 
of new machinery, to technological and 
managerial improvements, and to all 
other factors making for an increase in 
production per unit of tangible capital 
invested and per man-hour worked. The 
corporation, on the other hand, shares 
in the contribution of a greater labor 
effort. Basically the percentage distribu- 
tion of incomes between labor and cap- 
ital remains the same. 

If the refined measurement is used, 
labor would not participate in the pro- 
duction gains attributable to a larger in- 
vestment in tangible capital per worker. 
Labor would gain pro rata through im- 
provements in the efficiency of manage- 
ment and in the technological qualities 
of plant and equipment. Use of produc- 
tivity ratios for an appraisal of wage rate 
increases is by its nature a short-run ap- 
plication. In the short run, very drastic 
changes in the relationship between la- 
bor and capital cannot be assumed. 
Therefore, the assumption of a constant 
distribution between capital and labor 
should not cause a very serious error in a 
short-range analysis. On the other hand, 
the use of a measurement of capital pro- 
ductivity resting on only crude tangible 
capital data does introduce a source of 
possibly serious error into the calcula- 
tion. 

The capital productivity ratio which 
is combined with the man-hour produc- 
tivity ratio is based not on tangible cap- 
ital actually used but on that available 
(footnote, page 14). Thus, the refined 
productivity measurement is a combined 
measure of production in relation to 
man-hours actually worked and of pro- 
duction in relation to tangible capital 
available, irrespective of the degree 
of its utilization. It would be justi- 
fiable to measure production in terms 
of available factors of production (man- 
power and machines) as an expression 
of the efficiency of the economic system. 
The combination of one factor actually 
utilized with another factor available in- 
troduces an error in the computation 
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which may be less than the error com- 
mitted if different countries or distant 
time points are compared with the use 
of the conventional period. The error 
of the refined method may, however, be 
larger than the error of the conventional 
method for short-range analyses. 

Also, as a tool for long-range economic 
projections the use of the conventional 
method is justified as long as the eco- 
nomic analyst is fully aware that the 
rate of productivity growth thus meas- 
ured includes the effect of changes in 
the tangible investment per worker in 
addition to all other factors which make 
for either increased or decreased net out- 
put. For a projection into the future it 
would be best if each of these factors 
could be appraised separately. 

A mechanical extrapolation of the re- 
fined index of productivity is not much 
better than an extrapolation of the 
cruder index. The latter has the advan- 
tage that it can be taken as a point of 
departure for studying each of the fac- 
tors which enter its determination, in- 
cluding changes in tangible capital per 
worker, the efficiency of capital, the effi- 
ciency of management, and all other 
factors. In any case, a projection must 
consider separately the trends in the 
ratios of capital stock to output and of 
man-hours to output. But no particular 
advantage would be gained by using the 
combined index for this purpose. 

The refinements in productivity meas- 
urements proposed through the various 
studies of the National Bureau and sum- 
marized in this pamphlet have substan- 
tially contributed to our understanding 
of the problem and have provided us 
with tools for measurement that are of 
great value for certain problems. The 
conventional method of productivity 
measurement is, however, not yet obso- 
lete and probably will continue to be 
most suitable for most practical pur- 
poses. Fabricant failed to discuss the 
purposes for which the various methods 
of measuring productivity are most suit- 
able. This is my only criticism of an 
otherwise extremely useful publication. 

GerrHarD CoLM 
National Planning Association, 
Washington, D.C. 


Medical Fducation. Annotated bibliog- 
raphy, 1946-1955. World Health Or- 
ganization, Geneva, Switzerland, 1958 
(order from Columbia University 
Press, New York). 391 pp. $6.75. 


The basis for this select bibliography 
was a search of the world literature on 
medical education published between the 
years 1946 and 1955. Over 4000 refer- 
ences were collected. Virtually all of 
them were examined, and 2500 were se- 
lected for listing in this bibliography. 


The references are classified alphabeti- 
cally by author under the following 
headings: “History of medical educa- 
tion”; “Aims, trends, and general con- 
siderations”; “Special subjects” (for 
example, allergy, anesthesiology, bacteri- 
ology); “Pre-medical education”; “Stu- 
dents”; “Teachers”; “Curriculum”; “The 
patient in medical education”; “Aca- 
demic teaching”; “Audio-visual aids”; 
“Research in medical education”; “The 
medical school in the community”; “In- 
ternship and licensure”; and “Countries 
and continents.” An author index is in- 
cluded. 

Brief annotations are given for all ar- 
ticles written in a language other than 
English, or, in the case of works pub- 
lished in English, for articles whose 
scope cannot be deduced from the title. 


The Physics of Elementary Particles. 
J. D. Jackson. Princeton University 
Press, Princeton, N.J., 1958. ix+135 
pp. $4.50. 


This concise survey of elementary par- 
ticle physics had its origin in a series of 
lectures given at the summer seminar of 
the theoretical physics division of the 
Canadian Association of Physicists in 
1957. The emphasis tends to be on re- 
cent developments; for example, the au- 
thor gives considerable attention to the 
formulation of the theory of B-decay re- 
quired by the experimental asymmetries 
that demonstrate nonconservation of 
parity. 

The book is divided in three parts. 
The first outlines the interpretation of 
results on pion-nucleon scattering and on 
photoproduction of pions from nucleons. 
The second discusses K mesons and hy- 
perons in terms of the Gell-Mann classi- 
fication scheme and several models that 
have been proposed for the strong inter- 
actions of these “strange” particles. The 
third part is devoted to weak decay 
processes. Both the B-decay of nuclei 
and meson and hyperon decays are dis- 
cussed, with emphasis on the nonconser- 
vation of parity. Among the topics that 
are omitted are nucleon-nucleon forces, 
antinucleons, and the production of 
pions in nucleon-nucleon collisions. In 
general, experimental methods are not 
described, but experimental results are 
quoted whenever necessary to justify or 
illuminate the development of theoret- 
ical ideas. 

The result is a logical and consistent 
presentation of the areas in which un- 
derstanding of elementary particles has 
been advanced most significantly during 
the last decade. As an introduction to 
the field of elementary particle physics 
the book will be of somewhat limited 
usefulness, since a good working knowl- 
edge of quantum mechanics, nuclear 
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physics, and at least classical field theory 
is required of the reader, and the con- 
cise presentation makes few concessions 
to his weaknesses. It cannot be expected 
to serve as an account for the general 
reader, for the undergraduate in physics, 
or even for most scientists trained in 
fields other than physics. For those with 
adequate background, however, it should 
prove to be a valuable discussion of a 
field in which good books are rare. To 
some extent it may serve as a sequel to 
Fermi’s similar book, ‘Elementary Par- 
ticles, published eight years ago. 

Atan M. THorRNDIKE 
Department of Physics, 
Johns Hopkins University 


The Central Nervous System and Be- 
havior. Transactions of the first con- 
ference, 23-26 February 1958. Mary 
A. B. Brazier, Ed. Josiah Macy, Jr. 
Foundation, New York, 1959. 450 pp. 
Illus. $5.25. 


This is a remarkably fine, interesting 
book. It is crammed with provocative 
ideas on the central nervous system and 
behavior—the functions of man that pre- 
sumably give him status in the animal 
world. The contributions of the Russians 
are the springboard—immediately ap- 
posing their scientific and political be- 
havior and ours. The discussions are 
soundly rooted in the rich soil of his- 
tory. There is a pictorial survey of over 
100 pages, starting with the seal of the 
first Italian scientific academy and end- 
ing with a panorama of Moscow Univer- 
sity, which presents the Russian intellec- 
tual heritage in science better than any 
other single reference in English with 
which I am acquainted. Recognition of 
the true place of Lomonosov, Sechenov, 
Pavlov, and even Popov (the Russian 
counterpart of Marconi) among the im- 
portant minds that have advanced all 
mankind may some day replace the 
propaganda distortions from the Krem- 
lin and the uninformed journalistic out- 
cries that serve as the Western answers. 

The second portion of the book brings 
up to date the important modern devel- 
opments of post-Pavlovian physiology: 
brain stimulation and conditioned re- 
flexes, electroencephalographic studies, 
and electrical correlates of conditioned 
learning. Although these three chapters 
are attributed to Robert W. Doty, Frank 
Morrell, and Robert Galambos, respec- 
tively, they are “group interchanges” in 
the now-familiar style of the Macy con- 
ferences. The naturalness and the clarity 
of the presentations reflect great credit 
upon the editor, Mary Brazier. 

The conference is brought to an inte- 
grated wholeness by a thoughtful sum- 
mation, led by Robert Livingston. He 
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contrasts the monistic Russian physiol- 
ogy with our fractionalized approach 
and develops this significant thought 
(credit for which he shares with Paul 
MacLean): “Perhaps because of our 
philosophical as well as physiological 
isolation of visceral and somatic mecha- 
nisms, our political tradition has tended 
to look upon somatic and visceral needs 
as rather completely independent. Our 
physiological philosophy has a certain 
impact and bears a certain responsi- 
bility in relation to our Government’s 
political actions and diplomatic rela- 
tions, and especially with respect to 
how, as a people, we communicate our 
ideals to others. This becomes of par- 
ticular concern at the present in rela- 
tion to how the United States is viewed 
by the so-called uncommitted countries. 
Russia has . . . been much more sensitive 

. to the importance of visceral well- 
being and to the relationships which they 
conceive to exist between the physiolog- 
ical and social integration of man.” 

To paraphrase the thought in a more 
concrete example: the ideals of free en- 
terprise sound better on a full than on 
an empty belly, but the fullest belly will 
not offset the insult of being considered 
inferior. The psyche and the soma are 
indivisible, and both must be satisfied. 

If, indeed, science has a role as a 
bridge of understanding between the 
two great systems of politics confronting 
each other with gestures that augur ill 
for mankind, the area of investigations 
of the central nervous system ‘appears 
to be particularly fruitful. It would be 
useful indeed if all American scientists 
read with care the proceedings of this 
conference. As a reviewer I have urged 
the translation into English of many a 
Russian book; this is one which we could 
profitably translate into Russian if it 
were possible to place a copy in each 
scientific institute of the Soviet Union. 

MicHaeEt B. SHIMKIN 
National Cancer Institute, 
Bethesda, Maryland 


Electric Conduction in Semiconductors 
and Metals. W. Ehrenberg. Oxford 
University Press, New York, 1958. 
x + 389 pp. Illus. $10.10. 


The three most active periods in the 
development of theories of conduction 
of electricity in solids are reflected in 
Ehrenberg’s book. In the early years of 
the century, Drude, Lorentz, and others 
based their calculations on a model in 
which the outer or valence electrons of 
the atoms in a metal become detached 
to form an electron gas, which was 
treated classically. Shortly after the dis- 
covery of quantum theory in 1926, Som- 
merfeld, Houston, Bloch, and others 


showed that many of the difficulties of 
the earlier theories could be removed by 
application of quantum statistics and by 
taking into account the wave nature of 
the electron. During the next several 
years the foundations of the modern 
theory of solids were laid down and a 
number of excellent texts and treatises 
appeared. Basic to most of this work 
was the Bloch or one-particle approxi- 
mation, in which correlations between 
positions of the electrons are neglected. 
In general, with a few notable excep- 
tions, agreement between theory and ex- 
periment was qualitative rather than 
quantitative. 

The past decade has been another ac- 
tive period, particularly in the field of 
semiconductors. Extensive theoretical de- 
velopments, based largely on Wilson’s 
(1931) energy band model, and well- 
controlled experiments with exception- 
ally pure single-crystals, have brought 
about a close coordination of theory and 
experiment. Recent work on the many- 
body problem has helped remove some 
of the limitations of the one-particle 
theories. 

Ia the first four chapters, Ehrenberg 
discusses the theory of conduction in ion- 
ized gases, which is in many ways anal- 
ogous to that in semiconductors, and 
presents in more detail than seems nec- 
essary the classical Drude-Lorentz type 
theory, with some modifications for 
quantum statistics and two-carrier mod- 
els. Chapters 5 through 9 outline the 
wave-mechanical treatment. The one- 
particle approximation is used through- 
out, without apology or explanation. The 
last four chapters (10 through 13) cover 
some of the postwar experimental and 
theoretical work on semiconductors and 
transistor electronics. It is unfortunate 
that a book on such an active field 
should have been so long in preparation. 
It is evident that most of the text must 
have been written in 1955 or earlier; the 
latest date in the bibliography is 1955. 

While the book has some valuable 
features, it is on the whole unsatisfac- 
tory. Theoretical derivations often are 
given in great mathematical detail, but 
uncritically and without first giving the 
reader an understanding of what is to 
be accomplished and what physical as- 
sumptions are involved. The book would 
be difficult for a beginner in the field 
and, moreover, not very rewarding if the 
aim is to get a real understanding of 
what has been accomplished and what 
outstanding problems remain. It is prob- 
ably most useful as a reference vol- 
ume or for supplementary reading on 
particular topics. The book is beautifully 
printed, in keeping with other Oxford 
University Press volumes. 

JouHN BARDEEN 
Department of Physics, 
University of Illinois 
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Perception and Communication. D. E. 
Broadbent. Pergamon, New York, 
1958. 338 pp. $8.50. 


Potential readers may be misled by 
the title of this book, particularly if they 
think of “perception” in a general sense 
and of “communication” as involving 
interactions among two or more people 
connected by a channel. The author 
treats the individual as the channel and 
is concerned with interrelations among 
and between input events and output 
events. A more appropriate title would 
have been “Auditory Perception and Be- 
havior,” and as a sample of the chapter 
headings indicates—“Selective listening 
to speech,” “Effects of noise on be- 
havior,” “The nature of vigilance,” 
“The nature of extinction,’ “Recent 
views on skill”’—the book serves as a 
vehicle for review and interpretation of 
specific research areas in which the au- 
thor has worked. 

This does not mean that the reader, 
particularly if he is conversant with re- 
search in psychoacoustics and in human 
learning, will be disappointed. Broad- 
bent places his own research in an in- 
formation-theory context and relates it 
to much of the significant research of 
others. Especially rewarding are experi- 
mental studies on the central effects of 
listening to two messages, on the assess- 
ment of human channel capacity by ef- 
fects on simultaneous tasks, and on 
short-term and long-term storage ca- 
pacity of the organism as revealed by 
reproduction of information put into 
the two ears simultaneously. 

Broadbent attempts to encompass these 
and other experimental findings within 
what he calls a “filter theory.” Accord- 
ing to this view, the nervous system oper- 
ates as a single communication channel 
having a limited capacity. Incoming in- 
formation is selected in terms of certain 
common features (for example, inten- 
sity, pitch, spatial localization) of the 
sensory events and in terms of the 
(drive) states of the organism. The con- 
ditional probabilities among successive 
events are stored on a relatively long- 
term basis, the predictabilities between 
cues and reinforcing states of affairs be- 
ing one important class of such condi- 
tional dependencies. A shift in selection 
from one class of sensory events to an- 
other takes time and is accompanied by 
“inattention.” 

This is a very concentrated book— 
little space is wasted on padding or on 
elaborating the obvious. The informa- 
tion-theory type interpretation seems 
more convincing when applied to psy- 
choacoustic phenomena than when ap- 
plied to learning phenomena (for ex- 
ample, extinction, spontaneous recovery, 
reinforcement). Much of the research 
reported was done under the aegis of 
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military and industrial organizations, 
and the author tries to provide an inter- 
pretive theoretical framework. Opinions 
will vary as to the success of the at- 
tempt, but Broadbent’s contribution to 
our empirical knowledge of auditory 
perception, storage, and reproduction 
under complex conditions will be ap- 
preciated by all readers. 

Cuar.es E. Oscoop 
Center for Advanced Study in the 
Behavioral Sciences and 
Department of Psychology, 
University of Illinois 


New Books 


Advances in Biological and Medical 
Physics. vol. VI. Cornelius A. Tobias and 
John H. Lawrence, Eds. Academic Press, 
New York, 1958. 648 pp. $16.50. Con- 
tents: “Ion and water transport in stom- 
ach and intestine” (R. P. Durbin, Peter 
F. Curran, A. K. Solomon); “Artificial 
and induced periodicity in living cells” 
(E. Zeuthen) ; “Radiobiological aspects of 
the induction of lysogenic bacteria to pro- 
duce phage with x-ray, gamma ray, and 
ultraviolet radiations” (H. Marcovich and 
R. Latarjet); “Cell studies with micro- 
spectrography” (B. Thorell) ; “Some as- 
pects of the effect of ionizing radiation on 
tumors in experimental animals” (O. C. 
A. Scott) ; “Fallout from nuclear weapons 
tests” (C. L. Dunham); “Radiological 
contrast enhancing methods” (B. Jacob- 
son and R. S. Mackay); “Quantitative 
measurement of regional circulation in 
the central nervous system by the use of 
radioactive inert gas” (W. H. Feygang, 
Jr., and L. Sokoloff) ; “Intense ultrasound 
in investigations of the central nervous 
system” (W. J. Fry); “Isotopic tracers in 
the study of diabetes” (S. A. Berson and 
R. S. Yalow) ; “Application of light scat- 
tering to biological systems: deoxyribonu- 
cleic acid and the muscle proteins” (E. P. 
Geiduschek and A. Holtzer); “Physical 
and chemical mechanisms in the injury of 
cells by ionizing radiations” (P. Howard- 
Flanders). 

First Book of Grasses. The structure of 
grasses explained for beginners. Agnes 
Chase. Smithsonian Institution, Washing- 
ton, D.C., ed. 3, 1959. 146 pp. $3. 

General Chemistry. William H. Neber- 
gall and Frederic C. Schmidt. Heath, Bos- 
ton, 1959. 731 pp. $7.25. 

The Gulf Stream. A _ physical and 
dynamical description. Henry Stommel. 
Univ. of California Press, Berkeley; Cam- 
bridge Univ. Press, London, 1958. 215 
pp. $6. 

Help for Ten Million. A manual for 
patients with arthritis, rheumatism and 
gout. Darrell C. Crain. Lippincott, Phila- 
delphia, 1959. 251 pp. Paper, $1.45. 

A History of Ophthalmology. George 
E. Arrington, Jr. M.D. Publications, New 
York, 1959. 191 pp. $4. 

A History of Neurology. Walther Riese. 
M.D. Publications, New York, 1959. 225 
pp. $4. 

Hormones and Atherosclerosis. Pro- 
ceedings of the conference held in Brigh- 


ton, Utah, 11-14 March 1958. Gregory 
Pincus, Ed. Academic Press, New York, 
1959. 500 pp. $13.50. 

Index of Plants of North Carolina, with 
Reputed Medicinal Uses. Marion Lee 
Jacobs and Henry M. Burlage. Henry M. 
Burlage, 702 East 43 St., Austin, Tex., 
1958. 333 pp. 

Introduction to Chemical Engineering 
Thermodynamics. J. M. Smith and H. C. 
Van Ness. McGraw-Hill, New York, ed. 
2, 1959. 502 pp. $8.75. 

Modern Science and the Human Fer- 
tility Problem. Richard L. Meier. Wiley, 
New York; Chapman & Hall, London, 
1959. 276 pp. $5.95. 

The National Forests. Arthur H. Car- 
hart. Knopf, New York, 1959. 301 pp. 
$4.75. 

Oceanography and Marine Biology. A 
book of techniques. H. Barnes. Macmillan, 
New York, 1959. 218 pp. $7. 

On Numerical Approximation. Proceed- 
ings of a symposium conducted by the 
Mathematics Research Center, U.S. Army, 
at the University of Wisconsin, Madison, 
21-23 April 1958. Rudolph E. Langer, 
Ed. Univ. of Wisconsin Press, Madison, 
1959. 472 pp. $4.50. 

A Philosopher Looks at Science. John 
G. Kemeny. Van Nostrand, Princeton, 
N.J., 1959. 285 pp. $4.95. 

Proceedings of the Symposium on Elec- 
tronic Waveguides. New York, N.Y., 8-10 
April 1958. Microwave Research Inst. 
Symp. Ser., vol. VIII. Jerome Fox, Ed. 
Polytechnic Press, Brooklyn, N.Y., 1958. 
437 pp. $5. 

Recognition of Diseases and Pests of 
Farm Crops. Ernst Gram, Prosper Bovien, 
Chr. Stapel. Published by the Danish 
Agricultural Information and Advisory 
Aids Service by Heffer, Cambridge, Eng- 
land, 1958. 128 pp. 35s. 


Reprints 


An Introduction to Fourier Methods 
and the LaPlace Transformation. Philip 
Franklin. Dover, New York, 1958. 289 
pp. $1.75. 

Introduction to Symbolic Logic and Its 
Applications. Rudolf Carnap. Translated 
by William H. Meyer and John Wilkinson. 
Dover, New York, 1958. 241 pp. $1.85. 

Jordan. Its people, its society, its cul- 
ture. George L. Harris. Grove Press, New 
York, 1959. 246 pp. $1.95. 

Linear Groups with an Exposition of 
the Galois Field Theory. Leonard Eugene 
Dickson. Dover, New York, 1958. 312 pp. 
$1.95. 

Of Love and Lust. On the psychoanaly- 
sis of romantic and sexual emotions. 
Theodor Reik. Grove Press, New York, 
1958. 623 pp. $2.45. 

Psychology of Personality..Six modern 
approaches. J. L. McCary. Grove Press, 
New York, 1959. 383 pp. $1.95. 

Time’s Arrow and Evolution. Harold F. 
Blum. Princeton Univ. Press, Princeton, 
N.J., ed. 2, 1959. 224 pp. $1.75. 

The Value of Science. Henri Poincaré. 
Authorized translation with an introduc- 
tion by George Bruce Halsted. Dover, 
New York, 1958. 147 pp. $1.35. 
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Propagation of Poliovirus, 
Measles, and Vaccinia in Guinea 
Pig Spleen Cell Strains 


Abstract. A new mammalian cell strain 
was established from guinea pig spleen 
tissues and has shown interesting virus 
sensitivity. Several viruses have been suc- 
cessfully propagated in the cells. For one 
of these, poliovirus, it represents one of 
the two successful attempts at propagat- 
ing the virus in nonprimate or nonhuman 
cultures. 


During the course of a study on the 
phagocytosis of Mycobacterium tubercu- 
losis in tissue culture, an attempt was 
made to establish a cell line derived from 
guinea pig spleen. Reports on the suc- 
cessful primary cultivation of spleen tis- 
sue have been numerous; however, to our 
knowledge no report of a stable cell line 
has been recorded. Several reticular 
spleen cell lines (1) with demonstrated 
phagocytic activity have been established 
in these laboratories. 

Several investigators have attempted 
to propagate poliovirus in nonprimate 
and nonhuman cells by utilizing both 
primary and cell line type cultures. With 
but one notable exception—Sheffield and 
Churcher (2), who successfully adapted 
all three strains of polioviruses (3) to the 
“transformed” embryo rabbit kidney cell 
line (ERK-1) of Westwood e¢ al. (4)— 
no additional reports have been pub- 
lished. 

In establishing these cell lines the 
spleen of guinea pigs was minced and 
smeared on the surface of two medicine 
bottles. These were incubated at 37°C 





Instructions jor preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes, 
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1-column illustrations, which may consist of two 
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For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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for 30 minutes, following which medium 
199 containing 10 percent horse serum 
and 100 units of penicillin and 100 pg 
of streptomycin per milliliter was added. 
After 5 days’ incubation, at which time 
patches of mixed cell types were ob- 
served, the medium was changed. After 
15 days the mixed cell masses had de- 
generated except for several patches of 
reticular-type cells which covered ap- 
proximately one-third of the inoculated 
area, At this time the concentration of 
horse serum in the replacement medium 
was increased to 40 percent. After 29 
days the culture was treated with trypsin, 
and the resulting cell suspension was 
used to seed two bottles. These cultures 
grew well, and additional serial transfers 
were made. During the early stages of 
growth the cells appeared reticular- 
like. The confluent cell sheets appeared 
to be similar to human amnion epithe- 
lial cell line cultures. Following the 38th 
passage the horse serum concentration 
was reduced to 5 percent. The ,GPS-1 
(1) culture has been carried through 56 
passages. 

A second cell line from guinea pig 
spleen (1), GPS-2, and a cell line from 
embryonic guinea pig liver have been 
established in a similar manner. With 
these cultures 10 percent horse serum 
was utilized from the outset. After 25 
and 10 transfers, respectively, no altera- 
tion in appearance has been noted, and 
there is no detectable difference in the 
morphology of GPS-2 from that shown 
by GPS-1. 

Submerged cell cultures of GPS-1 
have been prepared and maintained on 
medium 199 containing 5 percent horse 
serum, according to the method of 
Cherry and Hull (5) as modified by 
Simpson and Johnson (6). This modifi- 
cation eliminates the gassing step during 
the initiation and maintenance of cul- 
tures. Estimates of cell populations were 
made by a modification (6) of the 
method of Waymouth (7). 

Fresh cultures of the GPS-1 cells were 
prepared by two methods: (i) from sub- 
merged cultures by direct “planting” 
into medicine bottles or roller tubes, and 
(ii) by trypsinizing medicine bottle cul- 
tures. 

Roller tube cultures were inoculated 


with undiluted suspensions of the three 
types of polioviruses (3) and observed 
at 24-hour intervals. A degree of cyto- 
pathogenic effect typical of that seen 
in human amnion and in trypsinized 
monkey kidney cultures was observed 
with all three virus types in less than 
24 hours. The cytopathogenic effect was 
complete in less than 48 hours. Serial 
passages of the three types of viruses 
were made into additional GPS cultures, 
and the typical cytopathogenic effect was 
observed for six serial passages. These 
results are considered to be a demonstra- 
tion that polioviruses can be propagated 
in this cell line. The same criterion was 
used in determining the sensitivity of the 
GPS-1 to other viruses. All three strains 
of poliovirus propagated in GPS-1 were 
identified by quantitative neutralization 
tests in trypsinized monkey kidney cul- 
tures with standard poliovirus antisera. 

Measles virus was also propagated in 
the GPS-1 cells in the manner described 
above. The cytopathogenic effect is 
much the same as that produced in 
human amnion cells. The effect can be 
described as masses of multinucleated 
cells with inclusions and syncitia. 

Preliminary experiments indicate that 
measles virus reaches a somewhat higher 
titer in GPS-1 cells than in human 
amnion cells. In addition, measles virus 
produced in human amnion cells seems 
to attain a higher titer in GPS-1 cul- 
tures than in homologous human amnion 
cultures. 

Vaccinia virus of calf lymph origin 
was also grown in GPS-1 cultures. The 
infected cells became enlarged, rounded, 
and opaque, and they appeared to con- 
tain inclusions. The distinctiveness of 
the cytopathogenic effect in GPS-1 cells 
is in direct contrast to that observed in 
primary rabbit kidney cultures. Prelimi- 
nary experiments indicate that calf 
lymph vaccinia virus attains higher 
titers in GPS-1 than in trypsinized rab- 
bit kidney cultures. 

Comparative titrations of poliovirus 
(3) produced in trypsinized monkey kid- 
ney (TMK) cultures were carried out 
in both trypsinized monkey kidney and 


Table 1. TCIDs titers of polioviruses 
grown in trypsinized monkey kidney cul- 
tures assayed in trypsinized monkey kid- 
ney and GPS-1 cells. 


Negative log,, TCID,, titer 








Type I Type II Type III 





TMK GPS-1 TMK GPS-1 TMK GPS-1 





Titration #1 

gfe) 7.0 7.0 6.4 6.7 6.3 
Titration #2 

7.3 6.8 7.3 6.7 6.8 6.6 
Titration #3 

7.3 7.0 7.1 6.8 7.0 6.6 
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GPS-1 cultures. Table 1 shows the re- 
sults of these titrations. The results ob- 
tained demonstrate that pools of polio- 
virus grown in trypsinized monkey kid- 
ney cultures attained TCID,, titers, as 
calculated by the method of Reed and 
Muench (8), of 0.5 log less in GPS-1 
cultures than they do in trypsinized mon- 
key kidney cultures. 

A pool of type I poliovirus, Mahoney 
strain, was prepared from GPS-1 cul- 
tures. The cytopathogenic effect for this 
culture was complete in less than 24 
hours. This pool was titrated three times 
in both trypsinized monkey kidney and 
GPS-1 cells. On each occasion the titer 
was higher in the former than in the lat- 
ter. The titers obtained in trypsinized 
monkey kidney cell assays were of the 
order of those obtained when poliovirus 
produced in trypsinized monkey kidney 
is titrated in the same cells. This indi- 
cates that infective virus particle con- 
centrations are the same when pools are 
grown in either culture. 

The cell strain derived from embry- 
onic guinea pig liver was found to be 
susceptible to infection by poliovirus. 
This cell line, as well as GPS-2, is being 
investigated for virus sensitivity. Pre- 
liminary results show that polioviruses, 
measles, and vaccinia grow and produce 
cytopathogenic effects in GPS-2 which 
are identical with those in GPS-1. 

Heavy suspensions of GPS-1 cells in 
complete medium have been inoculated 
with and without cortisone into adult 
and suckling guinea pigs by several 
routes to determine whether or not these 
cells have undergone transformation to 
a malignant state. No gross evidence of 
malignancy has been observed. 

Since the first report in 1957 (2) of 
the susceptibility of the nonprimate cell 
line ERK-1 to poliovirus, there has been 
considerable controversy. Some critics of 
the work doubt that the cell is actually 
of rabbit origin. It is considered a pri- 
mate cell line contaminant. Some sup- 
port for this stand can be drawn from 
the work of Melnick and Habel (9), 
who’ found by complement-fixation tech- 
niques that the ERK-1 cell line pos- 
sessed an antigen in common with HeLa 
and other primate cell lines. These latter 
findings, however, can also be used to 
support the theory that many cell lines 
possess a common antigen which was not 
present in primary cells. 

Though primary cell cultures may be 
refractory to infection by poliovirus, it 
is possible for cell lines when trans- 
formed to become susceptible to infec- 
tion by this virus. Since primary guinea 
pig tissues have been found to be refrac- 
tory to infection and cell lines suscep- 
tible, it would seem that some change or 
transformation has occurred. 

In our laboratories a guinea pig em- 
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bryo liver and two guinea pig spleen 
cell lines, all susceptible to poliovirus, 
have been established by the techniques 
described. It seems very unlikely that all 
three cell lines are in reality primate cell 
line contaminants. 
C. C. Mascou 
L. V. STANFIELD 
L. N. PHELPs 
Eli Lilly and Company, 
Indianapolis, Indiana 
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Role of Magnesium in 
Acetyl Coenzyme A Formation 
by Acetothiokinase 


In a recent discussion (1) of the role 
of magnesium in enzyme-catalyzed reac- 
tions involving adenosine triphosphate, 
Ingraham and Green postulated that 
magnesium acts by chelating with the 
substrates and the enzyme in such a way 
that the net effect is to alter the “en- 
tropy of activation” and thereby pro- 
mote the reaction. Without considering 
the implications of this hypothesis in the 
general problem of metal ion catalysis 
in enzymic reactions, I should like to 
point out that the specific hypothesis 
concerning the role of magnesium in 
acetyl coenzyme A (CoA) (2) formation 
advanced by Ingraham and Green (/) 
is in contradiction to published experi- 
mental findings. 

In analyzing the sequence of events 
leading to the formation of acetyl CoA 
from ATP, acetate, and CoA (see /, 
Fig. 2), Ingraham and Green proposed 
that a complex is first formed between 
CoA, Mg*, and the enzyme and that 
this is followed by reactions with ATP 
and acetate. This results in the libera- 
tion of free inorganic pyrophosphate and 
in the formation of acetyl AMP, linked 
through magnesium to the enzyme. It 
was proposed that in the final step of 
the reaction there is a transfer of the 
acetyl group from the magnesium-bound 
acetyl AMP to the sulfhydryl group of 
CoA. 


While it is clear that Mg** is required 
for the over-all reaction, the series of re- 
actions proposed by Ingraham and 
Green (1) leads to certain verifiable pre- 
dictions. These are (i) that CoA is re- 
quired for the isotope-exchange reaction 
between P%?-labeled inorganic pyrophos- 
phate and ATP and (ii) that Mg* is 
required for the formation of acetyl CoA 
from acetyl AMP and CoA. It has al- 
ready been demonstrated that the for- 
mation of acetyl CoA from ATP, ace- 
tate, and CoA (reaction 3, below) actu- 
ally occurs in at least two discrete steps 
(reactions 1 and 2). 


Mg++ 


ATP + acetate = acetyl AMP+PP (1) 
Acetyl AMP + CoA = 
acetyl CoA+AMP (2) 
Mgt+ 


ATP + acetate + CoA = 
acetyl CoA+AMP+PP (3) 


Reaction 1, which is easily measured by 
the acetate-dependent exchange of PP*? 
and ATP or by the conversion of acetyl 
AMP to ATP, requires the presence of 
Mg++. Not only is CoA not required for 
this reaction but if it is added the rate 
of exchange is decreased (3). Reaction 
2, which is measured by the conversion 
of acetyl AMP to acetyl CoA, occurs in 
the absence of Mg*+. Neither the rate 
nor the extent of the reaction is affected 
by the addition of Mg*. 

That this is not due to the presence of 
Mg** in the enzyme or reactants can be 
inferred from the requirement for added 
Mg*+ when the over-all reaction (reac- 
tion 3) is studied (3). The most direct 
interpretation of these data is that Mg** 
is involved only in the initial step of the 
reaction—namely, the reaction sequence 
involving ATP. 

It is conceivable that these conclu- 
sions can be interpreted by proposing 
that exogenously supplied acetyl AMP 
is utilized by the enzyme at some unre- 
lated transacylating site which does not 
require Mg++ (4). I feel that this is prob- 
ably unlikely, since the presence of acetyl 
AMP excludes ATP from reacting with 
the enzyme. This is shown by the fact 
that if acetyl AMP is added to the com- 
plete system (ATP, acetate, CoA, Mg**, 
and the enzyme), acetyl CoA synthesis 
continues but pyrophosphate formation 
is decreased to approximately one-tenth 
the rate found in the absence of acetyl 
AMP. When the added acetyl AMP is 
exhausted, the rate of PP formation is 
restored to the control level (3). This 
provides evidence that acetyl AMP com- 
petes for the site occupied by ATP. 
Were the acetyl AMP to be used at a 
second site on the enzyme, one would 
not expect an inhibition of the reaction 
in which ATP is utilized. 
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Fig. 1. Schematic representation of acetyl 
CoA formation on enzyme surface. 


In my view the simplest hypothesis 
consistent with the experimental findings 
is that the sites necessary for enzymatic 
activity are specific for ATP, acetate, 
and CoA (Fig. 1). Magnesium may be 
a functional part of the specific site for 
ATP or, alternatively, the site may be 
specific for a particular ATP-Mg com- 
plex. Thus, the presence of ATP, Mg**, 
and acetate would lead to an elimination 
of PP (or a dissociable Mg—PP complex) 
and the formation of acetyl AMP 
(bound to the enzyme). In the presence 
of CoA this would be followed by a 
magnesium-independent cleavage of the 
acetyl AMP to form acetyl CoA. On the 
basis of this hypothesis acetyl) AMP 
would be expected to share, at least in 
part, the site with ATP. 

The only enzymatic system which to 
my knowledge is analogous to the ace- 
tate-activating system and which has 
been studied in sufficient detail with re- 
spect to the magnesium requirements 
involves luciferin. Airth, Rhodes, and 
McElroy (5) have shown that the acti- 
vation of luciferin by crystalline lucifer- 
ase is markedly stimulated by Mg*+ but 
that no such requirement is evident when 
luciferyl adenylate is the substrate either 
for the light-producing reaction or for 
the formation of luciferyl CoA (6). 

Pau Bere 
Department of Microbiology, 
Washington University School 
of Medicine, Saint Louis, Missouri 
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In the report to which Berg refers we 
proposed a general mechanism for ATP- 
catalyzed enzymatic syntheses, the es- 
sence of which involves the gathering of 
reactants within a single enzyme-Mg 
complex and then a sequence of dis- 
placement reactions. By this device the 
term for entropy of activation becomes 
relatively small, and thus the principal 
barrier to reaction is overcome. 

As a specific example of this mecha- 
nism we considered the enzyme aceto- 
kinase, which catalyzes the synthesis of 
acetyl CoA from acetate, ATP, and CoA 
only in the presence of Mg**, and postu- 
lated that the Mg enzyme forms a com- 
plex with ATP and CoA and that two 
consecutive displacement reactions then 
ensue—the displacement, first, of a pyro- 
phosphate group by acetate and second, 
of adenosine monophosphate by CoA. 
After these displacement reactions the 
products—acetyl CoA, adenosine mono- 
phosphate, and inorganic pyrophosphate 
—dissociate from the Mg-enzyme com- 
plex. 

In the necessarily brief development 
of this hypothesis we omitted to stress 
(i) that the order of complex formation 
is not critical and (ii) that any exchange 
or partial reaction catalyzed by the Mg- 
enzyme complex does not require the 
presence of a ligand which does not par- 
ticipate in this reaction. Thus, the ex- 
change of ATP with PP requires only 
acetate and not CoA, while the displace- 
ment of adenosine monophosphate in 
enzyme-bound acetyl AMP by CoA does 
not require the presence of ATP or its 
products of cleavage. 

It appears to us that the behavior of 
the acetokinase system is in full accord 
with this hypothesis. Only a single en- 
zyme is required for the synthesis. No 
intermediates formed in the reaction 
have been found to dissociate from the 
enzyme (J, 2). The only recognizable 
components are the initial and final 
products. Berg (J) has demonstrated 
that synthetic acetyl AMP can give rise 
to acetate and ATP in the presence of 
inorganic pyrophosphate and Mg**, and 
to acetyl CoA and inorganic pyrophos- 
phate in the presence of CoA. He has 
not, however, been able to demonstrate 
that acetyl AMP is formed in any meas- 
urable amount during the over-all reac- 
tion in the presence of Mgt+. We take 
this negative result to mean that the in- 
termediate is not acetyl AMP but the 
corresponding magnesium chelate, which 
has no measurable dissociation. We as- 
sume further that the enzyme-bound 
magnesium chelate of acetyl AMP can 
interact with CoA with the same facility 
as acetyl AMP added to the Mg*+-free 
enzyme. Thus, the lack of a Mg** re- 
quirement for the formation of acetyl 
CoA from acetyl AMP has no bearing on 





the question whether the intermediate is 
free acetyl AMP or its Mg chelate. The 
problem is whether or not CoA can react 
with the Mg-chelated and enzyme-bound 
intermediate. There is no evidence yet 
available bearing on this point. 

Berg raises the further objection to our 
hypothesis that CoASH is not required 
for the acetate-dependent exchange of 
PP%2 and ATP, and that if added it de- 
creases the rate of exchange. As stated 
above, the order of complex formation 
is of no importance, so the inhibition of 
PP82 exchange by CoASH is not a cri- 
terion of the validity of the proposed 
mechanism. 

Until the ambiguities and uncertain- 
ties in the observations cited by Berg 
have been resolved by further decisive 
experiments, we find no compelling 
reason to revise the mechanism we have 
proposed for the acetokinase system. 

Luoyp L. INcrAHAM 
Department of Agricultural 
Biochemistry, University of California, 
Davis 
Davi E. Green 
Institute for Enzyme Research, 
University of Wisconsin, Madison 
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Interaction of Gibberellic Acid and 
Indoleacetic Acid in Impatiens 


Abstract. Gibberellic acid promotes 
doubling, early flowering, and fruiting 
directly in Impatiens. It also lengthens 
the stem, probably through a neutraliza- 
tion of auxin inhibitors. Such a mecha- 
nism would leave the growth-promoting 
auxins unchecked to produce the increased 
elongation characteristic of gibberellin 
application. It seems that application of 
additional auxin produces a rapid build-up 
of the auxin inhibitor(s) in the plant. 


Though gibberellic acid has auxin-like 
activity in the sense that it induces cellu- 
lar elongation in stem tissue, it is diffi- 
cult to decide whether it should be re- 
garded as an auxin (1). While working 
with Impatiens balsamina L. on the in- 
heritance of flower doubling, I noticed 
that the “double” variety showed incom- 
plete penetrance of the recessive gene 
p, which is responsible for the produc- 
tion of double flowers (2). Outbreeding 
of highly inbred “double” strains of Im- 
patiens restored full penetrance of p, for 
one generation only; the F, generation 
of such an outcross again showed consid- 
erable reduction in penetrance. 

To determine whether growth-pro- 
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Fig. 1. Effect of different concentrations 
of indoleacetic acid, applied as sprays on 
alternate days, on plant height of Impa- 
tiens treated simultaneously with sprays 
of gibberellic acid (10* g/1000 ml), 
measured after 3 weeks of treatment. 
Height is expressed as percentage of that 
of untreated plants. 


Table 1. Influence of growth substances 
on the penetrance of doubling in a prog- 
eny of a highly inbred strain of “double” 
Impatiens. Sprays (5 ml) of the growth 
substances in a concentration of 10°‘ 
g/1000 ml were applied on alternate days 
from the four-leaved seedling stage until 
flower-bud initiation (approximately 7 
weeks). Fifty plants were used per treat- 
ment. The figures in parentheses indicate 
the number of treatments. 





Flowers 








Treatment 
Double Single 

Control (37) 32 18 
Indolepropionic 
acid (45) 36 14 
Indoleacetic acid (30) 37 13 
B-Naphthoxyacetic 
acid (30) 30 20 
a-O-Chlorophenoxy- 
acetic acid (30) 34 16 
a-O-Chlorophenoxy- 
propionic acid (30) 32 18 


Gibberellic acid (30) 50 
a-Naphthaleneacetic 
acid (30) 35 15 





Table 2. Influence of combined sprays of 
gibberellic acid (GA) (concentration 10°‘ 
g/1000 ml) and indoleacetic acid (IAA) 
(concentrations 5x 10° to 10°* g/1000 
ml) on the penetration of flower doubling 
and flowering time of Impatiens. 


Double- 











Concn, oones. pide 

I dent time® 
AA GA (%) (day) 
axiOr®") t8e10"* 98 +19 
LKUO* .;Lx 10 100 +19 
SLO... i bee 100 +21 


bXIG*” .. bx FOS 100 +22 


64 





* Days prior to flowering date of control plants. 
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moting substances might influence this 
penetrance, several compounds were 
tested on seedlings of the highly inbred 
“double” (p,p,) lines. Gibberellic acid 
at a concentration of 10-* g/1000 ml, 
applied as a spray in doses of 5 ml each 
alternate day until flowering, had the 
most pronounced effect. The plant 
treated showed full penetrance of dou- 
bling, whereas the control yielded 67 
percent double-flowering individuals 
(33 percent flowered single). From this 
experiment it became evident that gib- 
berellic acid may play an important role 
in the physiological requirements neces- 
sary for expression of the gene for dou- 
bling. The plants that received gibberel- 
lic acid up to flowering time flowered 3 
weeks earlier than the control. The 
height of the treated plants was approxi- 
mately 2% times that of the average 
height of the controls. 

Of six other growth-substances tested, 
none had an effectiveness approaching 
that of gibberellic acid (Table 1). 

The seedlings that received indole- 
acetic acid (IAA) were slightly stunted 
in stature, and their flowering time was 
delayed by 2 weeks. Moreover, when 
IAA and gibberellic acid were combined, 
at concentrations of 10-* g/1000 ml 
each, we noticed that the elongating 
effect of gibberellic acid was completely 
inhibited and that the treated plants 
grew to normal stature. These plants 
flowered 3 weeks ahead of the controls 
and showed full penetrance of doubling. 
To confirm this, seedlings of the same 
strain were treated in the same manner 
as before with a solution of gibberellic 
acid (10-* g/1000 ml) plus a series of 
concentrations of IAA. Figure 1 illus- 
trates the general trend of internode ex- 
tension in intact plants after 3 weeks 
of alternate-day treatments. Relatively 
small amounts of IAA increased the 
elongating effect of gibberellic acid, but 
with increasing concentrations of IAA 
the response to gibberellic acid at a con- 
centration of 10-* g/1000 ml decreased, 
and at IAA concentrations of 10-4 
g/1000 ml the elongating effect of gib- 
berellic acid was completely nullified. 
On the other hand, the secondary effects 
of gibberellic acid, such as early flower- 
ing and increase in penetrance of dou- 
bling, were not affected by simultaneous 
treatment with IAA (Table 2). In gen- 
eral, the fertility of the treated plants 
was much greater than that of plants 
treated with gibberellic acid only. 

It has been assumed that there is, in 
the intact plant, an inhibitory system 
which limits the growth rate (3). 
Growth of intact internodes is consid- 
ered to be regulated by a three-factor 
system, consisting of auxin, an auxin in- 
hibitor, and a hormone with physiologi- 
cal. properties similar to those of gib- 





berellic acid. The above results indicate 
that the concentration of the auxin in- 
hibitor depends upon the concentration 
of auxin present. On the basis of the 
dose-response curve (shown in Fig. 1) 
it appears that the relationship between 
auxin concentration and auxin inhibitor 
production is not linear. At relative high 
auxin levels the production of auxin in- 
hibitor is so greatly accelerated that there 
is more auxin inhibitor present in the 
plant tissue than there is auxin. Future 
biochemical studies may throw some 
light on these highly interesting phe- 
nomena (4). 

J. WEIJER 
Department of Plant Science, 
University of Alberta, Edmonton 
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Drug Metabolism in the 
Newborn Rabbit 


Absiract. A number of drugs that are 
metabolized through the action of enzymes 
present in liver microsomes in the adult 
rabbit are not metabolized in livers of 
newborn rabbits. The development of 
metabolic pathways during a period of 4 
weeks is presented. Evidence is given for 
the presence in livers of baby rabbits of 
inhibitors of some of these drug-enzyme 
systems. 


One of the factors that modifies the 
actions of drugs and that is taken into 
account in their therapeutic use is the 
age of the subject. It is known that the 
young, both of animals and of human 
beings, are more sensitive to certain 
drugs than the adults. This greater sen- 
sitivity could result from differences in 
the responsiveness of the receptors or 
from differences in the fate of the drug 
—that is, with respect to absorption, dis- 
tribution, excretion, or metabolism—or 
from both. We chose to investigate pos- 
sible differences in drug metabolism (/). 

A variety of drugs are metabolized 
through the action of enzymes present in 
liver microsomes (2). The greater sen- 
sitivity to drugs of the young animal 
may be in part due to a deficiency of 
these enzymes, since other studies have 
shown that certain tissues, including 
liver, have enzyme levels which are sev- 
eral times higher in the adult than in 
the embryo (3). Also, electron micro- 
graphs show that differences do exist be- 
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tween the adult and the embryonic struc- 
tures from which the microsomes are 
derived (4). 

In order to gain a more general pic- 
ture of the development of drug enzyme 
systems, various pathways were studied. 
These included the side-chain oxidation 
of hexobarbital, the N-dealkylation of 
Pyramidon, the deamination of amphet- 
amine, the hydroxylation of the aromatic 


Table 1. Development of drug-metaboliz- 
ing enzymes in rabbit liver (7). For meth- 
ods used in determination of metabolism, 
see Brodie (2) and others (8). The type 
of metabolism represented by each sub- 
strate is described in the text. 








Drug metabolism 


Preparation (umole/g) * at age 








2 wk 3 wk Adult 
Hexobarbital 
Homogenate 0.96 2.8 8.4 
Supernatant 4.2 10.3 16.6 
Aminopyrine 
Homogenate 0.15 0.30 325 
Supernatant 0.34 1.41 5.2 
1-Amphetamine 
Homogenate 3 1.9 8.8 
Supernatant 1.9 10.1 21.1 
Acetanilid 
Homogenate 1.0 1.9 4.5 
Supernatant 2.9 i 7.8 
Chlorpromazine} 
Supernatant 11.4 =f We) = 
p-Nitrobenzoic acid 
Homogenate 172 5.16 9.9 
Supernatant 5.28 8.1 


1.76 





* Micromoles of drug metabolized, or of metabo- 
lite formed, per gram of protein of liver fraction 
used. The protein was determined spectrophoto- 
metrically (9), Values given for the metabolism 
of drugs are those of typical experiments. Enzyme 
activities for each metabolism at each age were 
determined at least twice. 

+ In these studies chlorpromazine metabolism could 
not be followed satisfactorily in homogenates, due 
to strong binding of the drug by nuclei or mito- 
chondria. 


Table 2. Effect of cell fractions from baby 
rabbit liver on the metabolism of amphe- 
tamine by adult rabbit liver. 





Metabolism of 
l-amphetamine 


Description “ety 
pumole* bition 


ial 





Baby (homogenate) 0 
Baby (supernatant) 0 
Adult (supernatant) 3 
Adult (supernatant) plus 
baby (homogenate) 0.59 82 
Adult (supernatant) plus 
baby (supernatant) 


125 


3.34 0 





* Micromoles Pp 
homogenates or supernatants from 1 g of liver. 
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ring of acetanilid, the oxidation of the 
ring sulfur of chlorpromazine, and the 
reduction of the aromatic nitro- group of 
p-nitrobenzoic acid. In addition, both 
the homogenate, containing all the par- 
ticulate matter of the cell, and the su- 
pernatant (9000g), containing only the 
microsome and soluble fractions, were 
used in this investigation. Table 1 pre- 
sents our findings relative to six of these 
pathways. 

The newborn rabbit is essentially un- 
able to metabolize any of the drugs used. 
When it reaches the age of 2 weeks we 
see an appearance of activity with re- 
spect to all pathways, though the extent 
of this activity is not the same in every 
instance; it ranges from 5 to 37 percent 
of the enzyme activity of adults. The 
3-week-old animals seem to have even 
more enzyme activity, and the activity in 
the liver of the 4-week-old rabbit is in 
most cases approximately equal to that 
of the adult. 

The apparent lack of enzyme activity 
in the young animal could be due to (i) 
an actual absence of enzyme protein; 
(ii) a deficiency of cofactors—that is, 
reduced coenzyme II [reduced triphos- 
phopyridine nucleotide (TPNH)]; (iii) 
the presence of inhibitors of the drug- 
metabolizing enzymes; or (iv) differ- 
ences in the nature of the enzymes in the 
livers of baby and adult rabbits—for ex- 
ample, differences in optimal pH or sub- 
strate concentrations. 

We tried to eliminate the second pos- 
sibility by adding a TPNH-génerating 
system of glucose-6-phosphate, glucose- 
6-phosphate dehydrogenase, triphospho- 
pyridine nucleotide (5), and nicotina- 
mide in all our determinations. 

The presence, in the liver of the baby 
rabbit of inhibitors of drug metabolism 
was suggested by differences in the rate 
of appearance of enzyme activity in 
homogenates as compared with the rate 
of appearance in the supernatant 
(9000g). For several of the pathways 
studied, relatively more enzyme activity 
seemed to be present in this latter frac- 
tion (see Table 1). 

Table 2 shows that homogenates of 
baby rabbit liver do indeed contain some 
material which inhibits the metabolism 
of amphetamine. Inhibitors of hexobar- 
bital, acetanilid, and Pyramidon metabo- 
lism have also been demonstrated in this 
type of preparation. 

This inhibition is usually not seen when 
the supernatant (9000g) fraction of baby 
rabbit liver is used. Thus, we seem to 
be dealing with inhibitors present in the 
nuclear or mitochondrial fractions. 

Also of interest is the fact that this 
material seems to disappear as the ani- 
mal matures, at a rate inversely propor- 
tional to drug-metabolizing enzyme ac- 
tivity. However, since no inhibitors of 








p-nitrobenzoic acid or chlorpromazine 
metabolism seem to be present in baby 
rabbit liver, it is probable that other fac- 
tors are also responsible for the observed 
lack of enzyme activity. 

To date we have been unable to ob- 
tain liver samples having one or more 
metabolic pathways while lacking others. 
All such pathways seem to appear at 
about the same time, though the rate 
of development is different. It may be, 
then, that a single event triggers the 
synthesis or unmasking of all the en- 
zymes (6). 

James R. Fouts 
Ricuarp H. ADAMSON 
Department of Pharmacology, 
College of Medicine, 
State University of Iowa, Iowa City 
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Resistance to Sevin by DDT- and 
Parathion-Resistant Houseflies 
and Sesoxane as Sevin Synergist 


Abstract. The new carbamate insecti- 
cide, Sevin, has a low toxicity against 
houseflies. However, it is activated effec- 
tively by low concentrations of Sesoxane, 
a pyrethrum synergist. This occurs with 
normal nonselected flies and also with 
strains selected for resistance to DDT and 
Parathion, which have considerable cross 
resistance to Sevin. 


1-Naphthyl N-methyl carbamate (Se- 
vin), a new insecticide introduced by 
Union Carbide Chemicals Company, 
shows great promise in the field because 
of the success it has already had in the 
control of many agricultural pests in the 
field and because of its low toxicity to 
mammals, 
Recent investigations (7) on the house- 
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fly, Musca domestica, have shown that 
Sevin is only about one-tenth as toxic as 
DDT (the LD,, values, for topical ap- 
plication, are 0.2 ug per fly for DDT and 
2.3 ug per fly for Sevin). In an attempt 
to increase the effectiveness of Sevin, 
several pyrethrin synergists were in- 
vestigated. Of those investigated, 2-(3,4- 
methylenedioxyphenoxy) - 3,6,9-trioxau- 
decane (Sesoxane), a pyrethrin syner- 
gist discovered by Beroza (2) and 
manufactured by Shulton, Inc., was 
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DOSAGE IN MICROGRAMS 


Fig. 1. Dosage mortality curves for sus- 
ceptible houseflies treated with Sevin and 
DDT with and without Sesoxane. 


Table 1. Mortality, after 24 hours, of sus- 
ceptible and resistant houseflies topically 
treated with Sevin and Sevin-Sesoxane 
combinations. Twenty-five flies were 
treated at each point. The percentages 
represent the combined results of dupli- 
cate tests. 








Sevin Sesoxane Kill 
(ug/fly ) (ug/fly) (%) 
Susceptible 
0.5 10 
1.0 20 
2.0 55 
5.0 67 
Parathion-resistant 
5 10 
10 10 
30 10 
DDT-resistant 
5 20 
10 40 
30 60 
Susceptible 
0.1 0.00 0 
0.1 0.10 40 
0.1 0.30 80 
0.1 0.50 95 
0.5 0.10 95 
Parathion-resistant 
1.0 0.00 0 
1.0 1.00 60 
1.0 5.00 100 
1.0 10.00 100 
DDT-resistant 
1.0 0.00 10 
1.0 0.50 100 
1.0 1.00 100 
1.0 5.00 100 
0.1 5.00 100 
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most effective. This compound has been 
reported as having some synergistic ac- 
tion for methoxychlor (3) and was found 
in our laboratories to be a synergist for 
DDT on German roaches. When tried 
with DDT on houseflies, it showed little 
synergism. However, Sesoxane in con- 
junction with Sevin gave a greatly in- 
creased toxicity for houseflies. Figure 1 
shows the log dose—probit lines for DDT 
and Sevin, with and without the syner- 
gist, for the susceptible houseflies; dosage 
is expressed as the logarithm of the num- 
ber of micrograms applied, and mortal- 
ity is expressed in probits. 

Since both Sevin and Parathion are 
strong cholinesterase inhibitors, it may 
be expected that Parathion-resistant in- 
sects will also be resistant to Sevin, and 
this was found to be the case, as shown 
in Table 1. However, only a compara- 
tively low resistance, commonly called 
vigor tolerance, was to be expected from 
DDT-resistant flies (4). Table 1 shows 
that DDT-resistant flies have about a 
sevenfold resistance to Sevin—that is, the 
LD,, for susceptible flies was 2.6 ug; for 
DDT-resistant flies, 18 pg. 

Since the combination of Sevin and 
Sesoxane was effective on the DDT-sus- 
ceptible flies, it was applied to DDT-re- 
sistant flies. This combination proved to 
be very effective even at small dosages. 
All mortalities were obtained by apply- 
ing the chemicals together in acetone 
solutions topically to adult females. 
Table 1 shows the results. 

The outstanding feature is the high 
effectiveness or the combination contain- 
ing a low ratio of synergist to toxicant 
in contrast to the usual situation, in 
which large amounts of synergist are 
necessary. 

Comparison of the rates of penetration 
between Sevin alone and Sevin-Sesoxane 
combinations shows very little difference 
between the two; this indicates that the 
effectiveness of the Sevin-Sesoxane com- 
bination is not due to increased penetra- 
tion. 

The effective synergistic action of 
Sesoxane with Sevin gives hope for con- 
trol of DDT- and phosphate-resistant in- 
sects. 

M. E. ELDEFRAWI 
R. Miskus 
W. M. Hoskins 
Department of Entomology and 
Parasitology, 
University of California, Berkeley 


References and Notes 


1. This project was financed in part by funds ob- 
tained through contract No. DA-49-007-MD-304 
between the University of California and the 
Office of the Surgeon General, U.S. Army. 

2. M. J. Beroza, J. Agr. — Chem. ot ty (1956). 

3. Chem. Eng. News 36, No. 7, 36 (19: 

4. W. M. Hoskins and H. T. et se ai. Rev. 
Entomol. 1, 89 (1956). 


23 September 1958 


Multiple Hemoglobins in Fishes 


Abstract. Paper electrophoregrams of 
the hemoglobins from 14 species of fresh- 
and salt-water fish demonstrated from one 
to three components. The relative distri- 
bution of these fractions was determined 
for all species. Mobilities of the three 
hemoglobins of rainbow trout were calcu- 
lated from moving-boundary patterns. 
Low anodal mobility at pH 8.8 was char- 
acteristic of many species examined. 


Since the demonstration of abnormal 
hemoglobin in man by Pauling et al. (1), 
electrophoretic studies have been carried 
out on many other species. The occur- 
rence of multiple hemoglobins has been 
reported in other mammals (2), in birds 
(3), and in amphibians and reptiles (4). 
Manwell (5) has recently reported a dif- 
ference in alkaline denaturation between 
adult and postlarval hemoglobins from 
a teleost fish (Scorpaenichthys marmo- 
ratus). Examination of fish hemoglobins 
should therefore reveal some differences 
which might be species characteristic and 
perhaps even race dependent. 

Samples of fish blood were collected 
in heparinized tubes, either by cardiac 
puncture of the larger fish or by ampu- 
tating the peduncle of smaller fish and 
collecting the droplets of blood from the 
severed caudal vein and artery. The red 
cells were separated from the plasma by 
centrifugation and washed three times 
with 0.9-percent sodium chloride. The 
hemoglobin solutions used for analysis 
(6) were prepared by adding 2 volumes 
of distilled water to 1 volume of packed 
red cells. After standing overnight in the 
cold, the hemolyzates were centrifuged 
at 25,000g for 1 hour. The supernatant 


Table 1. Relative distribution of fish 
hemoglobin components. Values are aver- 
ages from at least two fish of each species. 





Percentage of total 








Elec- hemoglobin (% ) 
tropho- 
regram Highest Medium Lowest 
mobility mobility mobility 

Steelhead trout 

E 54-56 22-23 22-23 
Rainbow trout 

F 54-58 21-23 21-23 
Blueback salmon 

G 31-33 47-49 

Shad 
H 66-70 30-34 
Largemouthed bass 
I 60-64 36-40 
Brook trout 
J 56-64 18-22 18-22 
Silver salmon 

K 50-60 40-50 
Chinook salmon 

L 50-60 40-50 























| J K L 


Fig. 1. Separation of fish hemoglobins in Veronal buffer (pH 8.8; ionic strength, 0.05) : 


(A) Entosphenus tridentatus (Pacific lamprey) ; 


(C) Cyprinus carpio (carp); (D 
head trout) ; 
salmon); (H) Alosa sapidissma (shad) ; 
bass) ; 
salmon; (L 
acanthias (dogfish shark) ; (O 
oregonensis (Columbia squawfish ). 


fluid, after centrifugation, was stored at 
~ 10°C. Paper electrophoresis was per- 
formed in a Spinco model R apparatus 
at 6 ma for 6 hours; S and S 2043A 
paper with sodium barbital buffer (pH 
8.8; ionic strength, 0.05) was used. Pre- 
liminary experiments had _ established 
that maximum separation occurred under 
these conditions. The electrophoregrams 
were scanned photometrically by means 
of a Photovolt densitometer, model 525, 
equipped with either a 420 or a 540 mp 
filter. Moving-boundary electrophoresis 
of dialyzed hemoglobins was carried out 
at 10 ma in sodium barbital buffer (pH 
8.6; ionic strength, 0.1) in a Perkin- 
Elmer model 38 apparatus operating at 
approximately 180 v. 

In Fig. 1 the mobilities at pH 8.8 of 
hemoglobins (7) from 14 species of fish 
(8) are compared with that of human 
hemoglobin A, which served as a refer- 
ence standard. Although many samples 
have been examined in this manner, no 
gross differences in mobilities have been 
detected in a given species with regard 
to sex, age, or race. 

Percentage distribution of the hemo- 
globin, as determined by planimetry of 
the densitometer recordings, is given in 
Table 1 for those species possessing more 
than one hemoglobin component. In gen- 
eral, the largest component appears to 
have the highest mobility. 
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) Ophiodon elongatus (ling cod) ; 
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(B) Lepomis macrochirus (bluegill) ; 


) human hemoglobin A; (E) Salmo gairdneri (steel- 
(F) S. gairdneri (rainbow trout) ; 


(G) Oncorhynchus nerka (blueback 


(I) Micropterus salmoides (largemouthed 
(J) Salvelinus fontinalis (brook trout); (K) 
) O. tshawytscha (chinook salmon) ; 


Oncorhynchus kisutch (silver 
; (M) human hemoglobin A; (N) Squalus 
and (P) Ptychocheilus 


It is interesting to note that many fish 
hemoglobins are characterized by a low 
anodal mobility at pH 8.8 and are con- 
sequently shifted to the cathode side of 
the origin by the electroosmotic buffer 
flow. Mobility measurements made from 
moving-boundary electrophoresis _ pat- 
terns showed, for example, that at pH 
8.6 the mobilities of the three hemoglo- 
bin components of rainbow trout were 
— 2.39 x 10-5, — 1.24 x 10-5, and -—0.70 x 
10-5 cm?/v sec. The low mobility at this 
pH and apparent high isoelectric point 
associated with many fish hemoglobin 
fractions may prove to be a character- 
istic unique among vertebrates, 

Although the physiological significance 
of the occurrence of multiple hemoglo- 
bins in fishes is at present not known, 
subsequent investigation may establish a 
correlation of this heterogeneity with 
phylogeny. 

Donatp R. BUHLER 

Warren E, SHANKS 
U.S. Fish and Wildlife Service, 
Western Fish Nutrition Laboratory, 
Cook, Washington 
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Analysis of Gas in Biological 
Fluids by Gas Chromatography 


Abstract. Combining a vacuum extrac- 
tion method with gas chromatography 
makes possible accurate, reproducible de- 
termination of small quantities of perma- 
nent gases contained in biological fluids. 
One useful application is demonstrated by 
determining the oxygen tension in 1 ml of 
human plasma. 


Chromatography as a technique for 
separation of closely related substances 
has been known for many years. How- 
ever, the more recent use by James and 
Martin (/) of gas-liquid partition chro- 
matography has resulted in a renewed 
interest in the technique and the de- 
velopment of modern instrumentation 
which makes possible rapid separation 
and accurate quantitative analysis of 
most of the biologically important per- 
manent gases when they are in the gas 
phase. However, it has not previously 
been possible to analyze the permanent 
gases in terms of their concentration in 
biological solutions, for two reasons: 
(i) the columns used for separation of 
permanent gases are adsorption columns 
and lose their useful characteristics when 
they are wet, and (ii) attempts to rap- 
idly volatilize gases in biological solu- 
tions have been unsuccessful because of 
the coagulation of protein and because of 
the oxidation and the resultant change 
in gas concentrations which occur with 
heat. These problems have been solved 
by combining a vacuum extraction 
method with the technique of gas 
chromatography. 

The instrumentation and apparatus 
consist of a gas chromatograph (2), a 
l-mv, l-sec full-scale strip-chart _re- 
corder (3), and a Van Slyke volumetric 
extraction chamber (4), the waste arm 
of which is connected to the carrier-gas 
stream of the gas chromatograph proxi- 
mal to the chromatograph column. 
Helium is used as the carrier gas. 

An aliquot of the fluid is admitted 
to the Van Slyke reaction chamber via 
a between-line Van Slyke pipette and 
washed in with mercury. The upper 
three-way stopcock is closed, the lower 
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stopcock is opened to the mercury reser- 
voir, a vacuum is produced by lowering 
the mercury to the 50-ml mark, and the 
gases are extracted by gentle shaking for 
2 to 3 minutes. The fluid sample is then 
drawn into the reservoir chamber; fol- 
lowing this, mercury is admitted to the 
reaction chamber from the mercury 
reservoir. When the mercury level 
reaches the 0.2-ml mark in the reac- 
tion chamber, the upper three-way stop- 
cock is opened to the waste-arm side 
and the extracted gases are injected into 
the carrier-gas stream. by moving the 
fluid level to the junction of the waste 
arm and carrier-gas tubing. After a wait 
of 5 seconds, the small amount of fluid 
and mercury can be returned to the re- 
action chamber; this is closed off from 
the column gas, and the sample is re- 
extracted to remove any gas that may 
have redissolved as the vacuum was re- 
leased following the first extraction. 
The sample fluid is removed from the 
Van Slyke chamber, via the same port 
through which it was admitted, by fill- 
ing the reaction chamber with mercury 
from the reservoir. 

The sample gases thus placed in the 
carrier-gas stream are then carried 
through the chromatograph column and 
eluted as separate components; the 
length of time required depends upon 
the characteristics of the gas and the 
column material. Each component is 
detected, and the quantity of the gas 
present is determined by a thermal con- 
ductivity reference and by sensing cells; 
the signals are amplified and recorded, 
in time, on the strip chart recorder. 

The use of a 4-ft, 5-A molecular sieve 
column 0.25 in. in diameter allows the 
oxygen component of a sample of per- 
manent gases to be eluted first from the 
column; this is followed by nitrogen 
and carbon monoxide. Carbon dioxide 
is permanently absorbed. All permanent 
gases with the exception of argon, which 
at present cannot be separated from 
oxygen by known column materials, can 
be separated and analyzed by means of 
a molecular sieve column, a silica gel 
column, or a charcoal and _firebrick 
column (5). 

The stability of the instrumentation, 
including the molecular sieve column, 
was tested by repeated injections, over 
a 4-hour period, of a constant volume 
and concentration of oxygen and nitro- 
gen in the gas phase through an injec- 
tion port placed in the carrier-gas 
stream. Reproducibility of the extrac- 
tion technique for oxygen was deter- 
mined by analyzing the amount of oxy- 
gen contained in 1 ml of sterile distilled 
water which had been equilibrated at 
37°C with the oxygen and nitrogen in 
room air. A syringe tonometer and a con- 
stant-temperature water bath were used 
for the equilibration. Double extraction 


3-APRIL 1959 


Table 1. Oxygen tension of water and plasma as determined by gas chromatography. 
Column, 4-ft. 5A molecular sieve; current, 360 ma; flow pressure, 20 lb/in2; carrier 
gas, helium; column temperature, 100°C for water and 70°C for air and plasma. Stand- 


ard deviations are given in columns 4 and 6. 














Sample Peak 
Type ——— —_--—_— | ere O: Pos 
No. Size (ml) (mm) (ml) (mm-Hg) 
Room air 15 0.03 122+0.17 .0059 140 
Water 35 1.0 124 + 0.23 148 + 0.28 
Plasma 27 1.0 92 + 1.04 .0044 148 + 1.68 
Plasma 
(duplicate analysis) 13 1.0 92 +0.70 148 + 1.13 





analyses were performed on each of 35 
samples over a 2-day period. The ap- 
plication of the technique to biological 
fluids was tested in the same way, hu- 
man blood plasma being substituted for 
water. The results of these determina- 
tions are shown in Table 1. 

The accuracy of oxygen analysis has 
been tested in two ways. First, both 
water and plasma have been equilibrated 
with different concentrations of oxygen, 
and the graphic plots of the resulting 
peak heights relative to the oxygen con- 
tents form a precise straight line through 
zero. Second, equal amounts of oxygen, 
whether initially in solution or initially 
in the gas phase, produce the same peak 
heights. 

The extraction method presents two 
difficulties. (i) Biological fluids tend to 
foam and trap gas bubbles with vacuum 
extraction of gases. It is possible to col- 
lapse the bubbles, however, by pulling 
them through the lower stopcock before 
the vacuum is released. (ii) The peak 
heights of the oxygen curve may vary 
considerably if the rate of injection of 
the extracted gas into the carrier stream 
is varied (a very little practice allows 
one to keep this injection rate steady). 
However, the area under curves dis- 
torted by variable injection rates is con- 
stant. Mechanical integration of the strip 
chart record can remove this variable 
if it is so desired. 

In addition to the exceptionally good 
stability, linearity, and reproducibility of 
this method, it is useful because of its 
accuracy and speed. The time required 
to introduce the plasma sample in the 
carrier-gas stream is less than 5 min- 
utes. The time required for elution from 
the column is less than 2 minutes, and 
during this time another sample can be 
extracted. 

The remarkable sensitivity of the in- 
strumentation to minute changes in oxy- 
gen content in relatively small samples 
of biological fluids, the excellent stability 
of the instrumentation, and the accuracy 
of the method offer opportunity for its 
widespread use in biological research and 
clinical medicine. The method makes 
possible accurate analysis, on small sam- 
ples, of the concentration of biologically 
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important gases present, or changing in 
time, in biological solutions. It seems 
likely that many determinations previ- 
ously made by means of the Van Slyke, 
Haldane, Scholander, and Warburg 
methods can now be made with equal 
or better accuracy and simplicity and 
in less time. The oxygen tension of 
arterial blood can easily be calculated 
from the oxygen content of plasma as 
determined in this manner. Such de- 
terminations previously required excep- 
tional technical skill and even then were 
less accurate and more time-consuming 
than determinations made according to 
the method described (6). 

Lioyp H. Ramsey* 
Department of Medicine, Vanderbilt 
University, Nashville, Tennessee 
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Tritium Tracer in Arctic Problems 


Abstract. Tritium measurements in the 
Arctic Ocean confirm a marked near-sur- 
face stratification. Sea water at 400 me- 
ters’ depth, however, is less than 3 years 
old, suggesting a contribution to this water 
mass due to sinking along the continental 
shelf. The top ice layer on the Ward Hunt 
Island ice field is older than 25 years. 


Tritium (H°; half life, 12.26 years) 
is ideally suited as a natural tracer in the 
study of polar mechanisms of exchange 
and mixing among the various phases of 
H,O. A steady state of cosmic-ray pro- 
duced tritium has _ probably been 
achieved. Recently, however, water of 
relatively high specific activity has been 
introduced into the atmosphere by ther- 
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monuclear weapon tests; this water 
makes it possible to study short-term 
mechanisms of mixing in sea water and 


As part of a study at T-3, an ice island 
floating in the arctic sea (1), three sea 
water samples were collected in July 








arctic ice. 1955 at depths of 10, 80, and 400 m by 
Table 1. Tritium content oi arctic samples. 
: Depth 
- Salin T:H 
Lat. Long. sea «6h Temp.* *. e 
Date oN ow Type iia (°C) =, pig k 
ples 4 
(m) 
1 July 1955 83°00’ 92°00’ Seawater 10. = 1.22 31.64 68+0.7 
1 July 1955 83°00’ 92°00’ Sea water 80 -1.43 32.40 0.1+0.1 
12 July 1955 82°45’ 93°30’ Seawater 400 + 0.35 34.89 0.9+0.1 
July 1955 About as above Sea ice 4.0+0.4 
21 Oct. 1954 Ward Hunt Island Field ice 2.2+0.2 
1953 North Atlantic Surface sea water (av.) 1.0202 





* Interpolated from Project Icicle data (5). +A blank value of (0.3 +0.1) x 10-28 was subtracted from 
all values. The values have also been corrected for decay back to time of collection. 
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Fig. 1. Project Icicle temperature curves (after Worthington, 6). 


A. P. Crary and N. Goldstein (Air Force 
Cambridge Research Center). The first 
two samples were taken at latitude 
83°00’N, longitude 92°00’W and the 
last at latitude 82°45’N, longitude 
93°30’W. The samples were intended to 
represent the surface water, an interme- 
diate water, and water of Atlantic Ocean 
origin, respectively. 

The 1954 atomic tests in the Pacific 
Ocean (Castle series) increased the tri- 
tium content of precipitation markedly 
in the Northern Hemisphere (2, 3). 
Therefore it would be expected that this 
low-salinity water would run off T-3 and 
reside as shallow “pools” near the sur- 
face of the sea. The surface sample of 
North Polar water had a relatively high 
tritium concentration (Table 1), 6.8+0.7 
TU (tritium units = H*:H x 1018), This 
sample, plus the two reported by Brown 
and Grummitt (4) (3.0 and 4.2 TU) 
suggests that the tritium content of the 
arctic surface water has been signifi- 
cantly increased by man-produced 
sources. The average pre-bomb North 
Atlantic surface water had 1.0 TU (2), 
and it is unlikely that the pre-bomb 
North Polar water was higher in tritium 
concentration, for tritium is produced 
largely in the stratosphere and enters the 
troposphere in the temperate latitudes. 
By the summer of 1955 North Atlantic 
surface water had been contaminated to 
the level of 2.0 to 2.5 TU (2). The 
North Polar water therefore must in- 
clude melted snow of the previous year. 

The sample from 80-m depth repre- 
sents intermediate water which gives the 
sharp minor temperature maximum at 
about 100 m (Fig. 1). This feature was 
observed over a large area north of 
Alaska and Canada (5, 6). The negli- 
gible tritium content, 0.1+0.1 TU 
(Table 1) is further evidence of the 
strong near-surface stratification which 
prevents rapid vertical mixing to 80-m 
depth. 

The sample from 400-m depth was 
taken as representing Atlantic water. 
The overall circulation pattern (7) con- 
sists of inflow at the surface north of 
Spitsbergen, sinking of this more saline 
water below the arctic surface water, 
and counterclockwise flow along the Si- 
berian coast and back around to the east 
side of Greenland. The sample from 
400-m depth was collected in the small 
clockwise eddy which exists north of 
Alaska and Canada (6). Eighteen hy- 
drographic stations in this general area 
(5, 6) give curves like the solid lines 
shown in Fig. 1 except for the water 
near the sample location (one station), 
where the temperature is considerably 
lower (dashed line). (The accuracy of 
these measurements is +0.01°C.) It is 
suggested, therefore, that this water re- 
sulted from conditions in the sounds of 
the Canadian archipelago similar to 
those in the Weddell (7) and Chuckchi 
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seas (8) (that is, surface water freezes, 
adds salt to the water immediately be- 
low, which becomes more dense and 
sinks). In this case the amount of water 
is small and affects only the bottom 
100 m. This sinking water mixes with 
the normal Atlantic-derived water but, 
being surface water, has a much higher 
tritium content. If the sample (0.9 +0.1 
TU) were largely arctic surface water 
it could not have flowed down earlier 
than 1953 and still retain a tritium con- 
tent of 0.9 TU. A similar age limitation 
would apply to the sample if it were 
Atlantic-derived, requiring improbably 
rapid subsurface flow rates in the arctic 
sea of about 10 cm/sec (if a path length 
of 3500 miles and 2 years’ travel time 
are assumed). It is suggested that the 
water represented by this sample moved 
down along the continental shelf during 
1953-55. 

A sample of sea ice was also taken in 
the vicinity of the sea water samples. 
The loose snow cover was removed first, 
and only solid ice was taken. The high 
value of 4.0+0.4 TU shows that pre- 
cipitation as well as sea water forms part 
of the ice. Since surface snow melts in 
the summer, it is likely that some con- 
tamination occurs from seepage through 
the ice. This means that the dating of sea 
ice with tritium alone is, at best, a diffi- 
cult problem. 

A sample of ice from the Ward Hunt 
Island ice field (north of Ellesmere 
Island) collected in August 1954 had 
2.2+0.2 TU. Because of the results ob- 
tained from the sample of the sea ice, 
seepage and contamination are suspected 
here too. On the basis of a mean of 8 
TU for precipitation (9, 10) in the pre- 
bomb era, it is estimated that the sample 
is at least 25 years old. If contamination 
had occurred in the summer of 1954 
when precipitation probably had up to 
100 TU, 2 percent of this would suffice 
to give the observed result on old ice 
containing negligible tritium. For 1953 
precipitation (pre-Castle) to produce 
such an effect 25 percent replacement is 
required. 

From the preceding it is seen that (i) 
tritium exists in measurable quantities 
in the ice and sea waters of the arctic; 
(ii) there is clear evidence of artificially 
produced tritium in the arctic surface sea 
water; (iii) the near-surface stratifica- 
tion of the polar sea water is confirmed; 
(iv) a new source of the deeper water 
of the Arctic Ocean was found to be in 
the Canadian archipelago; (v) down- 
ward seepage in arctic ice may make the 
dating of pack ice difficult; (vi) ice 
from the top of the Ward Hunt Island 
is at least 25 years old (11). 

Bruno J. Giterti* 
J. Laurence Kup 
Lamont Geological Observatory, 
Columbia University, 
Palisades, New York 
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Comparison of the Effects of 
Delayed Auditory Feedback on 
Speech and Key Tapping 


Abstract. Delaying the return of a 
speaker’s vocal output to his ears (the 
auditory feedback) radically changes his 
speech (1). The present report concerns 
the effect of delayed auditory feedback on 
simple key-tapping tasks. Evidence is pre- 
sented which indicates that changes in 
speech and key tapping under delayed 
auditory feedback are analogous. 


When a delay is instituted in the re- 
turn of a speaker’s vocal output to his 
ears (1), his speech changes in charac- 
teristic ways (2). The most common 
changes which occur are an increase in 
mean vocal intensity, an increase in 
phonation time, and a tendency to re- 
peat sounds. There is considerable in- 
dividual variation in the degree to which 
subjects manifest these changes while 
speaking under delayed auditory feed- 
back conditions; however, almost all sub- 
jects show one or more of the above 
changes to some degree. 

Preliminary studies on the effects of 
delayed auditory feedback on nonvocal 
motor tasks (3) have indicated that 
whistling and playing musical instru- 
ments are strongly influenced by de- 
layed auditory feedback. Simple hand- 
clapping behavior is also reported to 
change under such conditions. A subject 
was asked to. clap his hands six times 
as regularly as possible each time a 
click from a metrotome was presented 
through his earphones. When a delay of 
250 msec was introduced in the return 
of the sounds of his clapping to a sub- 
ject’s earphones, he often clapped seven 
times instead of six and slowed down his 
performance. 


It is not clear from the above data 
how closely the quantitative changes in 
nonvocal motor performances under de- 
layed auditory feedback approximate the 
characteristic changes in speech under 
such conditions. Clarification of this issue 
is the rationale for our investigation (4). 

Each of 14 young adult subjects was 
asked to repeat the speech sound “b” as 
in book in groups of three. During the 
first trial the subject’s vocal output was 
amplified and returned without delay to 
his earphones. In the second trial a delay 
of 244 msec was introduced before the 
amplified speech was returned. Vocal 
performance was recorded on magnetic 
tape and later displayed on an oscillo- 
scope and photographed. The resulting 
oscillograms give a graphic display of 
the subject’s speech with respect to time 
and amplitude. Analysis of the oscillo- 
grams (Fig. 1, A) revealed that under 
delayed auditory feedback, subjects 
tended to speak louder (12 subjects), 
prolong sounds (eight subjects), increase 
pauses between sounds (11 subjects), 
and repeat the sound four times instead 
of three (eight subjects). Thirteen of 
the 14 subjects showed at least one of 
these changes. 

Each of the subjects was then asked 
to tap on a key, the taps to be in groups 
of three. Each time a subject tapped the 
key, the lever hit a strip of spring steel 
with a strain gage mounted on it. Dur- 
ing the first trial the sound produced 
was amplified and returned without de- 
lay to a subject’s earphones (5). In the 
second trial a delay of 244 msec was in- 
troduced before the amplified sound was 
returned to his earphones. The ampli- 
fication of auditory feedback for all con- 
ditions of the speech and key-tapping ex- 
periments was identical. 

Each time a subject tapped the key, 
the output of the strain gage was ampli- 
fied and fed into a direct-writing galva- 
nometer to give a continuous record of 
the time and pressure characteristics of 
the subject’s key tapping. Examination 
of the graphic records (Fig. 1, B) re- 
vealed that, under delayed auditory feed- 
back, subjects tended to tap the key 
harder (12 subjects), hold down the key 
longer (five subjects), increase the 
pauses between taps (13 subjects), and 
tap four times instead of three (two sub- 
jects). All subjects showed at least one 
of the above changes (6). Thus, the 
changes that are observed in vocal per- 
formance under delayed auditory feed- 
back are also observed in nonvocal per- 
formance under such conditions. 

The change in speech and key-tap- 
ping performance following alteration in 
auditory feedback suggests that these two 
motor systems require auditory feedback 
for their control. However, the specific 
way in which the auditory feedback was 
altered—the delay in time—may be of 
even greater importance in explaining 
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Fig. 1. (A) Oscillograms of a group of three articulations of the speech sound “b.” The 
height of each sound display is proportional to vocal intensity. Under delayed auditory 
feedback, increases occur in vocal intensity, in phonation time, and in the time between 
sounds. Errors in number are not shown. (B) Display of amplitude and time character- 
istics of a group of three taps on a key. The downward displacement from the base line 
is proportional to the pressure exerted on the key by the subject. Under delayed auditory 
feedback, increases occur in pressure, in the time the key is held down, and in the time 


between taps. Errors in number are not shown. 


the observed changes in motor perform- 
ance than the fact that auditory feed- 
back per se was interfered with. The fact 
that such marked changes followed a de- 
lay in auditory feedback indicates that 
there are critical time periods within 
which the sensory feedback accompani- 
ments of a motor operation must be re- 
ceived to insure optimal motor control. 
Exceeding such critical time periods for 
auditory feedback is probably more dis- 
organizing with respect to the motor 
operations studied than removal of au- 
ditory feedback altogether. More gener- 
ally, it is possible that similar temporal 
alterations in sensory feedback may have 
similar effects on widely divergent motor 
functions. The parallel nature of the 
changes in speech and key tapping fol- 
lowing the same delay in auditory feed- 
back is consonant with this idea. 

Performance under delayed auditory 
feedback probably also reflects mecha- 
nisms operating to restore control of a 
disordered motor function. Types of sen- 
sory feedback other than auditory—for 
example, tactiie and proprioceptive— 
function in both speech and key tap- 
ping. It is possible that the increased 
amplitude characteristics of speech and 
key tapping under delayed auditory 
feedback operate to increase the amount 
of sensory feedback returning along un- 
disturbed channels. The similarity of the 
changes in speech and key tapping with 
delayed auditory feedback may indicate 
that similar mechanisms operate to re- 
store control in widely divergent motor 
systems. 
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The fact that key-tapping behavior 
can be so radically altered by delaying 
the auditory feedback of clicks raises the 
question of the usefulness of this tech- 
nique in clinical audiometry. Presum- 
ably, the patient with psychogenic deaf- 
ness, or the malingerer, would show the 
described changes in key tapping if he 
heard the delayed clicks. We are also 
exploring this application of our find- 
ings. 

RicHarp ALLEN CHASE 
SetH Harvey 
SusAN STANDFAST 
IsABELLE RAPIN 
SAMUEL SUTTON 
Departments of Otolaryngology and 
Psychiatry, Columbia University, and 
New York State Department of 
Mental Hygiene, New York 
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Great Basin Petroglyphs and 
Prehistoric Game Trails 


Abstract. Aboriginal petroglyphs (‘‘rock- 
writing”) in western and central Nevada 
have, up to now, remained a puzzle to 
archeologists as regards their function and 
location. Recent field investigation strongly 
suggests that these are connected with 
hunting magic, presumably aimed at suc- 
cess in the chase, and that they are located 
along routes of deer migration. 


In the summer of 1958, assisted by 
Albert B. Elsasser and Eugene R. Prince, 
we carried out archeological reconnais- 
sance in northern and central Nevada 
(1). Among the types of sites studied 
were those at which the primary evi- 
dence of activity of man takes the form 
of geometric and naturalistic designs 
pecked into boulder and cliff surfaces. 
These designs, called petroglyphs (2), 
occur in greatest quantity in North 
America west of the Rockies. (3). 

Despite the numerous sites known, and 
studies made of western North American 
petroglyphs (4, 5), there is no evidence 
thus far presented which satisfactorily 
accounts for the occurrence of petro- 
glyphs at certain locations. Cain’s con- 
clusion (4, p. 54) that “all such aborigi- 
nal carvings . . . were simply a medium 
for expressing some emotion over a spiri- 
tual or concrete event” is typical in its 
vagueness and points up the failure of 
students of the subject thus far to arrive 
at specific functional conclusions. 

Our recent field observations show 
that in western and central Nevada 
nearly all petroglyphs occur along deer 
migration trails, at spots where the ani- 
mals could be shot with bow and arrow. 
The petroglyph designs are therefore to 
be understood as evidence of the prac- 
tice of compulsive magic by hunters, 
aimed at insuring success in the chase 
(6). From several deer hunters and state 
and federal wildlife service field men 
who have studied local deer migrations, 
we learned in detail of a number of 
routes which deer follow. In the late fall, 
when snow starts to fall, the deer follow 
these routes out of the high mountains 
into lower country, where they winter. 
The deer return by these routes to higher 
elevations as the snow melts. 

At certain points, especially at the 
mouths or along the courses of washes or 
canyons through which the deer travel, 
are locations which are ideal for hunting 
from ambush. Thus, where a wash has 
cut through a rock reef and the canyon 
narrows to form a chute or gate, or where 
a canyon is narrow with a boulder-strewn 
bench perched above the defile, or in a 
saddle or pass, the moving animals (par- 
ticularly if driven from the rear) could 
be forced to run past concealed archers. 
Preferred hunters’ positions appear to 
have been at those spots where the ani- 
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mals could be shot from above at very 
close range. It is at such locations that 
one finds petroglyphs in western and cen- 
tral Nevada, and a long migration trail 
which crosses a series of valley floors and 
low mountain ranges has such hunting 
sites (and petroglyphs) scattered along 
it at appropriate points. 

Where deer, in moving downward to 
snow-free elevations, remained in the 
same mountain range, such sites are 
either correlated with some other cir- 
cumstance or are absent entirely. Thus, 
in arid valleys petroglyphs may be 
found in the close vicinity of a water 
tank or spring. Here the purpose was ap- 
parently to aid in the taking of such ani- 
mals (perhaps antelope) as came to the 
spot to drink. 

Where deer herds are abundant, as in 
westernmost Nevada where the animals 
move east to lower country from the high 
eastern ranges of the Sierra Nevada 
mountains, petroglyph sites are most 
abundant; this quantitative factor may 
be construed as an indication of the 
amount of game, the density of human 
population, and the intensity of hunting. 
Other petroglyph sites occur along such 
major streams as the Walker, Carson, and 
Truckee rivers, which rise east of the 
crest of the Sierra Nevadas and flow out 
to empty into the saline lakes of the 
western Great Basin. The narrow flood 
plains of these streams served as migra- 
tion trails, and petroglyphs are found at 
certain points where the deer had no al- 
ternative but to pass through a bottle- 
neck, Often at such sites blinds made by 
piling up a circle of rocks to a height of 
2 or 3 feet are found. 

The authorship of petroglyphs is a 
difficult matter to settle. Our evidence 
shows that petroglyphs were made over 
a long period of time, since at most sites 
designs show not only stylistic variety but 
also great variation in weathering or 
accumulation of desert varnish, some ele- 
ments appearing very fresh and others 
being nearly indistinguishable from the 
deep chocolate-hued, patinated surface 
of the basaltic rock. Evidence from ar- 
cheology and linguistics agrees in show- 
ing that the Northern Paiute of western 
Nevada are relatively recent occupants 
of the area. The Northern Paiute, and, 
in fact, all of the recent tribes of the 
Great Basin, deny that they or their an- 
cestors made petroglyphs. We have, ac- 
cordingly, some basis for believing that 
petroglyphs can be attributed to the 
groups which occupied the area before 
the Northern Paiute appeared on the 
scene some time within the last thousand 
years, though at the same time cultural 
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loss in late prehistoric times among the 
recent Shoshonean tribes cannot be ruled 
out. 

As to whether the hunter himself or 
the shaman (medicine man) made the 
petroglyphs, we incline to the probability 
that the designs were inscribed by the 
shaman. Petroglyphs as hunting magic 
are unknown to the recent Basin tribes, 
but shamanistic rituals connected with 
the deer, antelope, or mountain sheep 
hunt is a widespread Basin practice. If 
individual hunters made petroglyphs, we 
should expect to find them randomly 
distributed and occurring at spots where 
a hunter was trying to cause game to 
appear, but this situation clearly does not 
square with the observed occurrence of 
petroglyphs. On the whole it appears 
probable that the ambush hunt for deer 
or antelope during the seasonal migra- 
tions of these animals was in earlier times 
in the western Great Basin a special type 
of hunt carried out at traditional spots by 
a group which was aided by the local 
shaman. 

The fact of great numerical concen- 
tration of petroglyph symbols at particu- 
lar sites, taken together with the clear 
indication that these designs represent 
an accumulation, presumably by annual 
increments, suggests that these hunting 
spots were traditional. In terms of the 
aboriginal way of life in the Great Basin, 
these evidences appear to point to a form 
of territorial ownership and use like that 
described by Omer Stewart for the 
Northern Paiute where groups returned 
year after year to the same spot to hunt 
or gather some variety of food. It may be 
proposed, further, that once a hunting 
site at which petroglyphs were made 
came into use, continued success at the 
spot where petroglyphs were a visible 
and permanent feature would tend to in- 
vest the site with magical power and effi- 
cacy which would further enhance its 
attractiveness as a place for successful 
hunting. Sites with few petroglyph de- 
signs may, therefore, be spots where the 
hunt was rarely successful, and sites with 
an abundance of designs may mark im- 
portant and repeatedly used spots. Our 
impression is that the Indians took care 
not to overhunt the deer, as evidenced 
by the distance separating ambush sites. 
Overhunting along the trail might cause 
the animals to seek new routes and per- 
haps thus become available to another 
hunting group. 

Occupational debris does not occur 
at most petroglyph sites, partly for the 
obvious reason that such spots were un- 
favorable for settlement. Where petro- 
glyphs are found in immediate associa- 
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tion with living refuse the latter appears 
either to postdate the petroglyphs or to 
be a winter village site which would have 
been occupied only during the period 
between the fall deer migration to lower 
elevations and the return migration in 
the spring to high country. 

Many details of this whole matter re- 
main to be worked out. Among these are 
the determination of how widespread 
in western North America was the prac- 
tice of petroglyphic hunting magic con- 
nected with the taking of migratory deer; 
whether there are known major deer 
trails which do not have petroglyph sites 
along their courses; whether there are ex- 
tended lines of sites which presumably 
mark former migration trails but which 
are not recorded as used in the historic 
period by game; what types of migratory 
animals were hunted in this manner (7); 
and the dating of petroglyph sites (8). 

For determining the route of migra- 
tory game animals in prehistoric times 
it is also possible that ancient trails 
could be identified from air photographs, 
as was suggested by Crawford (9). This 
method could, however, be applied only 
in areas where plant cover was more 
abundant and varied than it is in the 
arid Great Basin region. 

Rosert F. Heizer 
Department of Anthropology, 
University of California, Berkeley 
Martin A. BAUMHOFF 
University of California, Davis 
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RADIOACTIVITY AT WORK.. 1 


Our business is radioactivity—applying it, measuring it, protecting against it 


Since our business might have bearing on 
yours, this is the first in a series of reports 
on work we’re doing for a variety of clients, 
not only in the nuclear industry but in such 
diverse fields as chemicals, petroleum, phar- 
maceuticals, medicine, steel and coal. 


Nuclear reactor developers and operators 
call on us for such services as analysis of 
reactor fuels, decontamination studies, and 
the development of data relating to the pro- 
duction of atomic power. 


Research people and indusirialists in all 
fields draw upon our specialized skills and 
equipment for applying the phenomena of 
radioactivity to improving processes and for 
highly complex studies which were not 
possible with “‘yesterday’s” techniques. 


So many people these days are curious about 
the possibilities of applied radioactivity, we 
thought you might be interested in reading 
about some of our current projects. 


ENVIRONMENTAL RADIOACTIVITY 
SURVEYS 

Since we started in business, one of our 
important activities has been conducting 
site surveys for operators of nuclear reac- 
tors. These studies are undertaken prior to 
start-up to determine the level of “‘back- 
ground” radioactivity in the area surround- 
ing the reactor. 


This then provides a basis for measuring any 
increase in radioactivity after the reactor is 
in operation. Environmental radioactivity 
studies are required. Such studies should 
also be made on a continuing basis not only 
for safety’s sake but to provide “third 
party” legal protection against lawsuits and 
insurance claims. 


In conducting a site survey, NSEC takes 
samples from the surrounding area. These 
may be soil, ground water, plants, animals, 
fish, rainwater, dust, sewage or other mate- 
rials. We consider carefully the nature of 
the facility, the terrain, direction of air 
movement, and surface and ground water 
flow. The samples are processed and an- 
alyzed in our labs. We are then able to 
establish the radioactivity level, the kinds 
of isotopes producing it, and the possible 
sources of these isotopes. 


NSEC has conducted more site surveys of 
nuclear facilities than any other company 
in the United States. For information on 
environmental radioactivity surveys of your 
nuclear site, phone us at HOmestead 2-4000 
in Pittsburgh. We can either conduct the 
survey for you, or train your personnel on 
proper procedures. 


PREVENTING BEACH POLLUTION 
Recently, in the largest radioactive tracer 
study ever conducted in the United States, 


NSEC successfully traced the dispersion of 
sewage effluent flowing into ocean waters. 
Our study helped the City of Los Angeles 
in planning expansion of its sewage system. 
First we injected the isotope scandium-46 
into sewage about to be released into Santa 
Monica Bay. This enabled us to measure 
the pattern of sewage diffusion and its dilu- 
tion in sea water to one part in ten thousand. 


Write for a copy of “‘Radioactive Tracer 
Study of Sewage Field in Santa Monica 
Bay” by Dr. Ralph L. Ely, Jr. (He’s our 
Vice President and Technical Director.) Or 
ask about our forthcoming study for the Re- 
public of Venezuela, in which we will investi- 
gate littoral drift, using radioactive sand, to 
determine the feasibility of a certain harbor 
location. 


RADIATION SICKNESS 

It’s common knowledge that excessive radia- 
tion produces harmful effects in human 
beings, ranging from mild nausea or skin 
burns to cancer and death. Recent experi- 
ments under the direction of Dr. A. Edel- 
mann, Manager of our Department of 
Biology and Medicine, have indicated that 
radiation can also produce a toxic factor 
which appears in the blood. Analysis of the 
blood of rats subjected to X-rays under 
varying conditions not only indicates that a 
toxic element is produced but that it may 
be transferred by injection from one animal 
to another. 


When and if this toxic substance is identi- 
fied, it may be possible to devise an anti- 
toxin to alleviate some of the effects of 
atomic radiation. Medical and pharmaceuti- 
cal applications of controlled radioactivity 
open up entirely new means of studying ex- 
isting problems. Contact Dr. Edelmann about 
your problem. 


DETERMINATION OF BORON 

IN SILICON 

A major problem plaguing the electronics 
industry is achieving ultra-pure silicon for 
transistors. Current methods are slow and 
costly, but effective. Nevertheless, boron 
still remains as a damaging impurity even 
in minute quantities of only a few parts per 
billion. Ordinary chemical methods cannot 
detect the presence of boron in such small 
concentrations, 


However, NSEC scientists are now perfect- 
ing a process by which the boron is trans- 
muted into radioactive carbon-11 and sub- 
sequently measured by its radioactivity. 


This new method of analysis will be helpful 
in the quality control of silicon during pro- 
duction. Once a routine method is established 
it will be offered on a commercial basis. 
Interested? Drop us a letter. 


We'll be glad to furnish detailed information on any of these studies. And if you’d 
like to keep abreast of new developments in the field, just ask us to put you on the 
mailing list for our monthly publication “Radioactivity at Work.” 


Our expanding business requires additional qualified technical personnel. Interested? 


Submit resume to Personnel Manager. 


DEPT. S-4, P.O. BOX 10901, PITTSBURGH 36, PENNSYLVANIA 
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Meetings 


Space Science 


Astronomers have for a long time 
known that interplanetary space is not 
completely empty and that the skies are 
not as still and serene as they seem to 
the poet. It comes as an exciting revela- 
tion of the first few satellites and rocket 
flights that space is filled with dynamic 
physical and chemical phenomena, some 
of which had not been accessible to 
direct observation. Physical phenomena 
found in space, the principles of rock- 
etry, space biology, and space medicine 
were discussed in detail at a sympo- 
sium held in San Antonio, Tex., on 
10-12 November 1958. The symposium, 
the 2nd International Symposium on 
the Physics and Medicine of the At- 
mosphere and Space, was sponsored 
by the School of Aviation Medicine of 
the U.S. Air Force University. The 
staff of the Southwest Research Insti- 
tute was responsible for the arrange- 
ments and will also edit the papers, 
which are to be published in book form. 
Over 600 scientists and many scientific 
leaders of government agencies attended 
the 42 invited presentations. 

Otis O. Benson, Jr., introduced the 
symposium, on the note that physical 
and biological sciences must work hand 
in hand in the conquest of space. The 
discussions may be divided into the fol- 
lowing categories: (i) interplanetary 
physics and chemistry: pressure, tem- 
perature, and chemistry of the inter- 
planetary space; electromagnetic and 
ionization properties of interstellar mat- 
ter; meteorites and cosmic rays; (ii) 
factors in space of importance to biol- 
ogy and medicine: gravitational environ- 
ment, acceleration and weightlessness; 
biological effects of primary and secon- 
dary cosmic rays; time and the relativity 
theory; (iii) satellite physics and engi- 
neering: methods and limitations of 
chemical! and nuclear rocket propulsion; 
problems in launching, tracking and re- 
entry; manned orbital and lunar vehicles 
and the “rocket booster glider”; (iv) hu- 
man factors: the ecology and physiology 
of sealed cabins; gas exchange, photo- 
synthesis, metabolism, limits of percep- 
tion, stress and adaptation, psychological- 
problems; human tolerance to accelera- 
tion, weightlessness, vibration, tempera- 
ture, and radiation; (v) problems of 
escape and rescue in space operations; 
(vi) solar and planetary environments: 
physics of the solar, lunar, and planetary 
surfaces; the possibility of life on planets 
and survival of living cells under simu- 
lated Martian conditions. 

An intense new component of cosmic 
radiation was discovered from data pro- 
vided by Explorer I by James Van Allen 
and his group, working at the University 
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of Iowa. This radiation is most intense 
above the magnetic equator and is much 
less intense near the poles. The radiation 
appears to consist of two belts of charged 
particles, trapped by the magnetic field 
of the earth, which form a giant magnetic 
bottle akin to those which are being 
studied in the laboratory for hydrogen 
fusion. The charged particles, electrons 
or protons or both, spiral around the 
magnetic lines of force and seem to be 
accelerated to considerable energies. The 
new component is first found at an alti- 
tude of about 600 kilometers, where the 
particle flux starts to increase by a fac- 
tor of about two for each 100 kilometers 
of altitude. Its maximum intensity is 
reached at about two and one-half earth 
radii (about 16,000 kilometers), where 
the dose is as much as 3 to 5 roentgens 
per hour. At ten earth radii the dose 
rate drops to 0.2 roentgen per hour. 

Several, physicists have given theoreti- 
cal explanations for the radiation belt. 
According to the model of S. Fred Singer 
of the University of Maryland, the pri- 
mary cosmic-ray particles, high-energy 
protons, helium ions, and light nuclei are 
responsible for maintaining the radiation 
level. Near the top of the atmosphere the 
primaries undergo inelastic collisions. 
Some of the neutrons are thermalized 
and escape. Eventually these decay into 
protons, electrons, and neutrinos. It is as- 
sumed that the charged products of neu- 
tron decay make up at least part of the 
radiation belt. 

Another explanation is that the par- 
ticles possibly originate in the sun and 
travel in ionized magnetic clouds. When 
these clouds collide with the magnetic 
field of the earth, exchange of the par- 
ticles can take place. Crucial to these 
theories are observations of energy, time, 
and spatial variation of the rays; addi- 
tional data are being obtained. 

The heavy-ion primaries, which we 
have known since their discovery by the 
Minnesota cosmic ray group about 10 
years ago, were discussed by Herman J. 
Schaefer of Pensacola, Fla. The inten- 
sity of these particles is low, but they 
produce very heavy ionization tracks un- 
like those known to radiobiologists. The 
heavy-ion primaries are associated with 
solar events, and it is anticipated that 
during large solar flares there may be as 
much as a 1000-fold increase in the low- 
energy end of the spectrum. 

It is fortunate that some knowledge 
already exists, from work at the 184-inch 
cyclotron of the Lawrence Radiation 
Laboratory, about the nature and sever- 
ity of biological effects of high-energy 
protons, deuterons, and alpha particles. 
In addition, there are new heavy-ion 
linear accelerators both at Berkeley and 
at Yale University that have accelerated 
beams of several heavier ions with about 
10-Mev energy per nucleon. Some bio- 
logical studies on unicellular organisms 
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and animal skin have been in progress 
for a year. Further reports on cosmic ray 
effects were made by Jakob Eugster of 
Zurich, who made studies at sea level, 
high altitudes, and underground, and by 
J. E. Pickering of Randolph Field, who 
estimated some “permissible dose levels” 
for pioneer space fliers. Cosmic rays pre- 
sent definite hazards for the future space 
flier. However, the radiation belt can be 
avoided by selecting low or polar orbits, 
and it is conceivable that it will be pos- 
sible to shield against it, at the same 
time cutting out the low-energy heavy 
primaries. 


Fred L. Whipple of Harvard Univer- 
sity described our knowledge of mete- 
oritic material in space. The larger frag- 
ments originate in meteoritic zones of 
the solar system and are quite rare; in- 
terplanetary dust contains tiny particles 
originating from comets and ending up 
on the sun or on the planets. Dust counts 
from Russian and American satellites in- 
dicate that perhaps 3000 tons of dust 
fall on the earth daily. Falling through 
the atmosphere, the tiny particles may 
then act as condensation centers for rain 
and are thus a factor in meteorology. 

John W. Townsend of the U.S. Naval 
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Research Laboratory explained that at 
very high altitudes the air density is 
much higher than had been previously 
expected. A small portion of the solar 
corona appears to extend down to the 
earth. Hans Clamann of the School of 
Aviation Medicine and Marcel Nicolet 
of the Royal Meteorological Institute of 
Belgium discussed the chemistry of the 
upper atmosphere. Under the influence 
of sunlight the very noxious gas ozone 
forms. Ozone protects life at the surface 
of the earth from short-wave ultraviolet 
rays of the sun, which would otherwise 
be absorbed by nucleic acids and pro- 
teins and could be lethal. At altitudes 
above 100 kilometers, the air molecules 
ionize and dissociate. Free electrons and 
a variety of radical species appear— 
combinations of atoms N, O, and H. 
Whether or not thermal equilibrium is 
established at very low pressures is being 
questioned. There is an interaction be- 
tween photochemical reactions and in- 
termolecular action involving diffusion 
and collisions. At an altitude of 1000 
kilometers, half of all molecular species 
are ions. 

Walter Dieminger of the Max Planck 
Institute of Aeronomy, Gottingen, Ger- 
many, discussed the propagation of elec- 
tromagnetic waves in the upper regions 
of the atmosphere. If the wavelength is 
below 5 meters, the atmosphere is quite 
transparent. Longer wavelengths are re- 
flected and bent by the electron layers. 
The Russian satellites obtained particu- 
larly useful data in this field: the bend- 
ing of the signals from the sputniks was 
correlated with electron density. 

Thorough and detailed exposition was 
given to various phases of rocket engi- 
neering aimed at putting man into space. 
There is no doubt that existing rocket- 
propulsion systems are capable of lifting 
man into orbit. These were discussed by 
B. A. Schriever, U.S. Air Force. L. R. 
Shepherd, chairman of the council of the 
British Interplanetary Society, claimed 
that atomic propulsion may _ extend 
rocket capability to any place in the solar 
system. The most promising nuclear sys- 
tems are reactor-heat exchanger, ion pro- 
pulsion, and nuclear fusion. Many in- 
teresting phases of launching, tracking, 
cabin design, and reentry were discussed, 
by Wernher von Braun, Ernst Stuhlinger, 
Dean Chapman, and Krafft Ehricke, re- 
spectively. R. Wellner of the Bell Aircraft 
Corporation discussed the space plane or 
“rocket booster glider.” A whole morn- 
ing was devoted to the problem of emer- 
gency escape and rescue from a space 
vehicle, with discussions by P. A. Camp- 
bell, R. M. Stanley, Krafft Ehricke, N. V. 
Pedersen, and A. M. Mayo. Members of 
the staffs of the School of Aviation Med- 
icine, the Wright Aero Medical Center, 
and the Lovelace Foundation—namely, 
R. T. Clark, G. R. Steinkamp, G. R. 
Hauty, S. Jj. Gerathewohl, W. R. Love- 
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of . tissues is described. . 
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nf I After returning the amines to an aq phase, they are oxidized to form fluorescent derivatives 
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lace, II, and J. P. Stapp—reported on 
parameters of human adaptation and 
stress, including factors such as anoxia, 
acceleration, weightlessness, heat, diurnal 
variation, and psychological stress. These 
studies, as well as the statement of Scott 
Crossfield, famous test pilot and design 
specialist, make it appear that, when the 
time comes, people will be available who 
can cope with the stress of orbital flight. 

If man is to spend considerable time 
in interplanetary space or on a planet, 
he will have to take part of his environ- 
ment along. He will have to produce on 
a small scale an ecological cycle com- 


parable to that which now exists between 
plants, animals, and man on earth. This 
intricate problem was discussed by Jack 
Myers of the University of Texas and 
H. G. Clamann of the School of Avia- 
tion Medicine. The final solution should 
bring much greater insight into the sci- 
ence of bioecology than we now have. 
A number of distinguished astrono- 
mers discussed the physics of the sun 
and the environment on the surface of 
the planets. Walter Orr Roberts of the 
University of Colorado discussed the role 
of sunspots and solar flares in terrestrial 
weather. G. P. Kuiper of the Yerkes and 
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probably the largest in the country, is at your disposal 
regardless of where it is located. Tell us what you need. 
We'll get it to you, when you need it. 
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McDonald observatories showed the best 
photographs of the lunar surface yet 
made. Gerard de Vaucouleurs of Har- 
vard University cited evidence for “life” 
on the planet Mars: infrared spectra ob- 
tained from scattered infrared rays from 
light and dark areas of the planet, which 
resemble spectra obtained from lichens. 
The problem of extraterrestrial life and 
of the origin of life is a very fascinating 
one which interests some of the most out- 
standing bioscientists. John D. Fulton of 
the School of Avi. tion Medicine simu- 
lated Martian atmosphere, soil, moisture, 
and temperature conditions in his labo- 
ratory and found three different micro- 
organisms which were still capable of 
multiplying. Further work, in the pres- 
ence of solar radiation, is needed. Hu- 
bertus Strughold, the first professor of 
space medicine and the originator of 
many basic concepts of space biology, 
discussed the interactions of the gravita- 
tional fields of the sun, earth, and moon. 

Many basic biological questions re- 
mained necessarily unanswered at the 
conference, among them that of the ex- 
act nature of life elsewhere in the solar 
system. When experiment can answer 
these questions, then the scope of our 
knowledge of life processes will be 
greatly widened. For nature is far more 
resourceful than we can imagine, and 
life may originate, exist, or adapt itself 
to environments in greater richness of 
forms than we know. 

Corneuius A. TostAs 

Donner Laboratory, 
University of California, Berkeley 


Differentiation 


The Roscoe B. Jackson Memorial 
Laboratory, in celebration of its 30th 
anniversary, will hold a symposium 15- 
17 June at Bar Harbor, Me., on “Some 
Problems of Normal and Abnormal Dif- 
ferentiation and Development.” Attend- 
ance will be limited to 100. Application 
should be made not later than 15 April, 
to: Dr. Nathan Kaliss, Symposium 
Chairman, Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Me. 


Laurentian Hormone Conference 


The 1959 Laurentian Hormone Con- 
ference of the AAAS will be held at 
Mont Tremblant Lodge, Mont Trem- 
blant, Quebec, between 30 August and 
4 September. Investigators interested in 
attending this conference should make 
application to the Committee on Ar- 
rangements of the Laurentian Hormone 
Conference, 222 Maple Ave., Shrews- 
bury, Mass., at an early date and in any 
event no later than J] May. 

A conference rate of $13 per day per 
person is extended to all invited partici- 
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MINI-POLYGRAPH 


“Simplicity and accuracy for student or scientist’’ 


® Compact versatility — EEG, 

* ECG, and 2 pressure chan- 
nels or ECG and 3 pressure 
channels 

®@ Transducers plug in directly 
— no extra power supply 
or pre-amplifiers needed 

@ Rugged and sturdy 


@ Plug-in printed circuits 


®@ Rectilinear recording with 
ink on 6” paper with milli- 
meter square marking; simple 
and reliable linkage — only 
two moving parts 


® Anti-clogging inking system 


@ Instantaneous speed change ‘ 
— 6 speeds 





GILSON MEDICAL ELECTRONICS 
On Madison's West Beltline Highway 
Middleton, Wisconsin 














FERMENTOR DRIVE ASSEMBLY 


For laboratory and pilot plant application 


e Aerobic or Anerobic Fermentations e Tissue Cultures 
e Other Metabolic Studies in Submerged Cultures 





jars of capacities 5, 7.5 or 14 liters each; readily 
removable for autoclaving; special leak-proof, non- 
freezing ball bearing agitator housings. 


oes steel baths, thermostatically controlled within 
°C. Twin, anti-friction drives afford wide range of 
Gagan and aeration rates. 


Machine available with automatic anti-foam addition sys- 
tem. Single fermentor and 3-fermentor drive assemblies 
also available. 


Holds 6 FERMENTORS—-siainless steel with pyrex ' 


Write for Bulletin FS-S43 


NEW BRUNSWICK SCIENTIFIC CO. 


PRECISION ABORATORY APPARATUS 








SAVE With The ALL NEW 
Aloe-Petrolite 


VENTILATED FUME HOOD 


Removes fumes without 
loss of conditioned air 


Simple in design / Economical to install ps Easy to maintain. In 
addition to protecting laboratory personnel from obnoxious or 
toxic gases, the Aloe-Petrolite Fume Hood saves conditioned 
air. Not only in the room where it is installed, but in the entire 
‘building. Losing cooled or heated air through fume hoods 
places an extra load on refrigeration and heating equipment. 
Result: unnecessary expense. But—by using outside air instead 
of room air, to carry off fumes, waste of conditioned air is 
stopped. This hood does just that. It operates as an independent 
unit, completely isolated from rest of room. And in air con- 
ditioning savings it can pay for itself. 

ANOTHER/MEMBER OF THE 


MODULINE 
Descriptive bulletin and all details are FAMILY OF FINE CASEWORK 
yours for the asking. Write or call us today. 


aloe scientific 


DIVISION OF A. S. ALOE COMPANY 
General Offices 
5655 Kingsbury * St. Louis 12, Missouri 


FULLY STOCKED DIVISIONS COAST-TO-COAST 





3 APRIL 1959 

















pants. Since the number of participants 
is necessarily limited by available accom- 
modations, all applications are screened 
and invitations to attend are issued by 
the Committee on Arrangements by 12 
June. 


Biophysics 


Yale University will sponsor a confer- 
ence on opportunities in biophysics re- 
search on 29 June-3 July at the J. W. 
Gibbs Laboratory under a grant from 
the National Science Foundation. The 
conference will be directed by E. C. 
Pollard, chairman of the biophysics de- 
partment, with the assistance of Harold 
J. Morowitz. 

During the last 18 months, visiting 
physicists have repeatedly pointed to the 
importance of providing research oppor- 
tunities in physics in the smaller colleges. 
Physicists situated in these institutions 
need encouragement and assistance in 
carrying on small-scale, but significant re- 
search. Opportunities for research are 
often as important as the salaries offered 
in attracting competent young physicists 
to the staffs of colleges. 

The Yale conference will review op- 
portunities for college physicists in bio- 
physics research. Other universities are 


considering similar conferences in other 
areas of physics. 

Participants in the conference will re- 
ceive stipends at the rate of $15 per day 
and travel allowances at the rate of 
about 4 cents per mile. Approximately 
30 participants can be accommodated. 
The major criteria for their selection 
will be interest in conducting some form 
of research in biophysics, tenure of a 
teaching position in a small institution 
where expensive research equipment in 
physics would be hard to come by, and 
an advanced degree in physics. Inquiries 
about the conference should be directed 
to Professor E. C. Pollard, Department 
of Biophysics, Yale University, New 
Haven, Conn. 


Wistar Institute Symposium 


At the Symposium on the Structure of 
Science that will be held in Irvine Audi- 
torium at the University of Pennsyl- 
vania, 17-18 April, national and inter- 
national figures in science will suggest 
some possible directions for future scien- 
tific thought and activity. The sympo- 
sium accumpanies the formal opening of 
new laboratories and a new museum at 
the Wistar Institute of Anatomy and 
Biology in Philadelphia. 





Senator Lister Hill of Alabama and 
LeRoy Burney, surgeon general of the 
U.S. Public Health Service, will join 
with physicists, philosophers, mathema- 
ticians, chemists, biologists, and research 
institute officials from the United States, 
Canada, England, and Sweden as speak- 
ers at the symposium. 


Forthcoming Events 
May 


3. American Federation for Clinical Re- 
search, annual, Atlantic City, N.J. (G. 
E. Schreiner, Georgetown Univ. Medical 
Center, Washington 7.) 

3. Periapical Lesions-Pacific Coast Oral 
Pathology Workshop, Ist annual, Los An- 
geles, Calif. (W. Bullock, Dept. of Pathol- 
ogy, Univ. of Southern California School 
of Medicine, 1200 N. State St., Los An- 
geles. ) 

3-7. American Assoc. of Cereal Chem- 
ists, 44th annual, Washington, D.C. (J. 
W. Pence, AACC, Western Utilization 
Research Laboratories, Albany, Calif.) 

3-7. Electrochemical Soc., Philadelphia, 
Pa. (Electrochemical Soc., Inc., 216 W. 
102 St., New York 25.) 

3-7. Electrode Processes, symp., Phila- 
delphia, Pa. (Headquarters, Air Force 
Office of Scientific Research, Washington 
25.) 

3-7. Mechanical Properties of Inter- 








made 


CELLS “ty 


GLASS ABSORPTION 
KLETT 

















AAAS SYMPOSIUM VOLUMES 


6” x 9”, illustrated, clothbound 
Zoogeography, SIO pp., 1958 0). cee ek. e ese $12.00 


The Species Problem, 404 pp., 1957 .......... 8.75 
Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 
The Beginnings of Embryonic Development, 408 

aR esis canuk vo ceodies Sea tateaens 8.75 
AIGONOIUAIN, (ZEON pr, 1997 5s igs soe a ves 400 5.75 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
VENOMS, AGU say iiy L9SO. 55 siaiw pshsale,ssoisoo areca! oy nays 9.50 
The Future of Arid Lands, 464 pp., 1956 ....... 6.75 
Water for Industry, 140 pp., 1956 ............ $.75 
Psychopharmacology, 175 pp., 1956 ........... 3.50 


Luminescence of Biological Systems, 466 pp., 1955 7.00 
Advances in Experimental Caries Research, 246 























SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeteis— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 











Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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PB F909 OW aera Cease eae e 6.75 
Antimetabolites and Cancer, 318 pp., 1955 ...... 5.75 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 
Fluoridation as a Public Health Measure, 240 pp., 

i Pe ee iv ree 50 
7¥2” x 10¥2”, double column, illustrated, clothbound 
Centennial, S19: pi, ‘1950 2 sscide ccc snc We eae 5.00 
Mammary Tumors in Mice, 231 pp., 1945 ...... 3.50 
AAAS, 





1515 Mass. Ave., NW, Washington 5, D.C. 








SCIENCE, VOL. 129 





and 
the 
join 
ma- 
rch 
ites, 
2ak- 




















metallic Compounds, Philadelphia, Pa. 
(J. H. Westbrook, General Electric Re- 
search Laboratory, P.O. Box 1088, Sche- 
nectady, N.Y.) 

4. American Soc. for Clinical Investi- 
gation, annual, Atlantic City, N.J. (W. 
W. Stead, J. Hillis Miller Eealth Center, 
Gainesville, Fla.) 

4-5. Microcirculatory Conf., 7th an- 
nual meeting, NIH, Bethesda, Md. (B. W. 
Zweifach, 550 First Ave., New York 16.) 

4-7. American Geophysical Union, an- 
nual, Washington, D.C. (W. E. Smith, 
AGU, 1515 Massachusetts Ave., NW, 
Washington 5.) 

4-7, National Instrumentation Flight 
Test Symp., 5th, Seattle, Wash. (H. T. 
Noble, Boeing Airplane Co., Flight Test 
Station, Wichita 1, Kan.) 

4-8. American Soc. of Civil Engineers, 
Cleveland, Ohio. (W. H. Wisely, 33 West 
39th St., New York 18.) 

5-6. Association of American Physi- 
cians, annual, Atlantic City, N.J. (W. W. 
Stead, vice president, AFCR, J. Hillis 
Miller Health Center, Gainesville, Fla. ) 

5-6. Self-Organ‘zing Systems, conf., 
Chicago, Ill. (S. Cameron, ICSOS Con- 
ference Secretary, Armour Research Foun- 
dation, 10 W. 35 St., Chicago 16.) 

5-7. International Scientific Radio 
Union, spring meeting, Washington, D.C. 
(J. P. Hagen, National Acad. of Sciences, 
2101 Constitution Ave., NW, Washington 
25.) 

5-9. Southwestern and Rocky Moun- 
tain Div., AAAS, Laramie, Wyo. (M. G. 
Anderson, New Mexico College of Agri- 
culture and Mining, State College. ) 

5-12. Electronic Distance Measuring 
Equipment, Intern. Assoc. of Geodesy 
symp., Washington, D.C. (C. A. Whitten, 
Coast & Geodetic Survey, Washington 
25.) 

6-8. American Inst. of Chemists, At- 
lantic City, N.J. (L. Van Doren, Ameri- 
can Inst. of Chemists, Inc., 60 E. 42 St., 
New York 17.) 

6-8. American Pediatric Soc., Buck Hill 
Falls, Pa. (A. C. McGuinness, 2800 Que- 
bec St., Washington 8.) 

6-8. Metal-Binding in Medicine, symp., 
Philadelphia, Pa. (M. J. Seven, Hahne- 
mann Medical College and Hospital of 
Philadelphia, 230 N. Broad St., Philadel- 
phia 2.) 

6-9. National Science Fair, 10th, Hart- 
ford Conn. (Science Clubs of America, 
1719 N St., NW, Washington 6. ) 

6-10. Infectious Pathology, intern. 
cong., Milan, Italy. (A. Janussi, Secretary 
General, via Boccaccio 25, Milan. ) 

7-9. Midwestern Psychological Assoc., 
Chicago, Ill. (I. E. Farber, Dept. of Psy- 
chology, Univ. of Michigan, Ann Arbor.) 

7-9. World Cong. on Agricultural Re- 
search, International Confederation of 
Agricultural Engineers and Technicians, 
Rome, Italy. (CITA, Regional Secretariat, 
86, via Barberini, Rome. ) 

8-10. Uranium, 4th annual symp., 
Moab, Utah. (AIME, 29 W. 39 St., New 
York 18.) 

9-11, International Soc. of Acupunc- 
ture, 10th cong., Paris, France. (SIA, 8 
avenue Franklin Roosevelt, Paris 8°.) 

10-15. Society of American Bacteriolo- 
gists, St. Louis, Mo. (E. M. Foster, Univ. 
of Wisconsin, Madison 6. ) 
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Roland Gohlke, Dow Chemical Company engineer, using Bendix Mass Spectrometer 





to identify compounds emerging from a gas chromatograph. 


NOW BENDIX* TIME-OF-FLIGHT MASS 
SPECTROMETER RECORDS MASS SPECTRA 


The ability to record either mass 
spectra or mass ratios further widens 
the versatility of the Bendix Mass 
Spectrometer. The speed and ease of 
using this new Analog Output System 
are illustrated by the following example: 

During a recent routine analysis 
performed at our Research Labora- 
tories Division, one hundred mass 
spectra were recorded on a direct 
writing recorder in less than two 
hours. These were the mass spectra 


of the eluted components of a mixture 
being separated by a gas chromato- 
graph and fed continuously into the 
Bendix Spectrometer for identification. 

For complete details contact the 
Cincinnati Division, Dept. E2-6, 
3130 Wasson Road, Cincinnati 8, 
Ohio. Export Sales: Bendix Inter- 
national Division, 205 E.42ndSt., New 
York 17, N. Y. Canada: Computing 
Devices of Canada, Ltd., Box 508, 


Ottawa 4, Ontario. *TRADEMARK 








APPLICATIONS 


@ Chromatograph output identifica- 
tion. 

@ Molecular beam analysis, includ- 
ing solids’ analysis and high 
temperature research. 


@ Fast reaction studies such as 
rocket exhaust analysis. 


@ Analysis of ions created outside 
the mass spectrometer. 


@ Negative ion studies. 


®@ Simple, rapid analysis. 


Cincinnati Division 


CINCINNATI, OHIO 


FEATURES 


@ RUGGED—The Dow Chemical 
Company experienced only 2 of 
one percent downtime for mainte- 
nance during the first six months 
of operation. 

@ FAST—10,000 mass spectra per 
second. 

e@ HIGH RESOLUTION—Usable 
adjacent mass resolution beyond 
500 a.mu. 

@ VARIOUS OUTPUTS—Oscillo- 
scope used alone or in combina- 
tion with ion pulse counting or 
recording outputs. 





ATOMIC MASS UNITS 


Oscillogram of xenon spectrum. 


e@ WIDE MASS RANGE—Each 
spectrum covers 1 through 4000 
a.m.u. 

@ SIMPLE, OPEN CONSTRUCTION— 
Permits easy modification for 
special problems. 

e@ ALUMINUM GASKETS, HIGH 
TEMPERATURE FEEDTHROUGHS— 
Permit effective bakeout. 
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10-14. American Soc. of Maxillofacial 
Surgeons, Chicago, II]. (O. H. Stuteville, 
700 N. Michigan, Chicago 11.) 

11-12. Practical Problems of Coordi- 
nating and Integrating All Services Re- 
lated to the Treatment, Training and 
Management of the Mentally Retarded, 
conf., Vineland, N.J. (J. D. Eadline, 
Training School, Vineland, N.J.) 

11-13. Instrumentation and Computa- 
tion in Process Development and Plant 
Design, symp., London, England. (Insti- 
tute of Chemical Engineers, 16, Belgrave 
Sq., London, S.W.1.) 

11-13. Microwave Theory and Tech- 
niques, natl. symp., Boston, Mass. (H. 
Pratt, Inst. of Radio Engineers, 1 E. 79 
St., New York 21.) 

11-13. Power Instrumentation, natl. 
symp., Kansas City, Mo. (H. H. Johnson, 
Consolidated Edison Co. of New York, 
Room 1515-S, 4 Irving Pl., New York 3.) 

13-16. Human Biochemical Genetics, 
Ciba Foundation symp., London England. 
(G. E. W. Wolstenholme, Ciba Founda- 
tion, 41 Portland Pl., London, W.1.) 

14-15. Operations Research Soc. of 
America, Washington, D.C. (H. J. Miser, 
Rt. 2, Box 211, Vienna, Va.) 

14-16. Acoustical Soc. of America, Ot- 
tawa, Canada. (W. Waterfall, 335 E. 45 
St., New York 17.) 

14-17. American Acad. of Dental Medi- 
cine, 13th annual, Atlantic City, N.J. (H. 
A. Lentz, 619 Main Ave., Passaic, N.J.) 

14-16. American Assoc. of Physical 
Anthropologists, Madison, Wis. (E. E. 
Hunt, Jr., Peabody Museum, Harvard 
Univ., Cambridge 38, Mass.) 

17-20. American Inst. of Chemical En- 
gineers, 40th natl., Kansas City, Mo. (F. 
J. Van Antwerpen, AICE, 25 W. 45 St., 
New York 36.) 

17-21. American Ceramic Soc., 61st 
annual, Chicago, Ill. (C. S. Pearce, ACS, 
4055 N. High St., Columbus 14, Ohio.) 

17-21. Institute of Food Technologists, 
19th annual, Philadelphia, Pa. (C. S. 
Lawrence, IFT, 176 W. Adams St., Chi- 
cago 3, Ill.) 

17-23. Antibiotics, intern. symp., 
Prague, Czechoslovakia. (M. Hermansky, 
Antibiotics Research Inst., Roztoky near 
Prague, Czechoslovakia. ) 

17-23. Mass Spectrometry, 7th, Los 
Angeles, Calif. (A. G. Sharkey, Jr., U.S. 
Bureau of Mines, 4800 Forbes Ave., Pitts- 
burgh 13, Pa.) 

18-20. Instrumental Methods of Analy- 
sis, 5th natl. symp., Houston, Tex. (H. 
S. Kindler, Director of Technical and 
Educational Services, ISA, 313 Sixth Ave., 
Pittsburgh 22, Pa.) 

19-23. American Assoc. of Mental De- 
ficiency, Milwaukee, Wis. (N. A. Dayton, 
Mansfield State Training School & Hos- 
pital, Mansfield, Depot, Conn.) 

20-22. Education of the Scientist in a 
Free Society, conf., Milwaukee, Wis. (A. 
B. Drought, College of Engineering, Mar- 
quette Univ., 1515 W. Wisconsin Ave., 
Milwaukee 3.) 

21-23. American Assoc. for the History 
of Medicine, 32nd annual, Cleveland, 
Ohio. (Miss E. H. Thomson, Yale Univ. 
School of Medicine, New Haven, Conn.) 


(See issue of 20 March for comprehensive list) 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 


on page 918. 


™ TUNING-FORK OSCILLATOR provides any 
frequency from 400 to 10,000 cy/sec 
without dividers or multipliers. The 
transistorized device has a frequency 
tolerance + 0.005 percent over the range 
—55° to + 125°C. Output is 5 v rms. 
across a 10,000-ohm load with essentially 
sinusoidal waveform. Supply power re- 
quirement is 6 or 30 v. Dimensions are 
1% by 1% by 2% in. (Delta-f Inc., 
Dept. 652) 


INFRARED ANALYZER is designed to 
measure water content in liquid or gas 
process streams. The ratio of transmis- 
sion at two wavelengths is measured. In- 
terference filters are used to isolate the 
two wavelengths, and a photoconductor 
is used to detect infrared radiation. 
(Analytic Systems Co., Dept. 711) 


MRECORDER provides analog recording 
with frequency response 0 to 100 cy/sec 
and 10 channels of event recording. Eight 
chart speeds are remotely or locally se- 
lectable. Sequence response is up to 500 
signal changes per second. Operation is 
on 120-v, 60-cy/sec power. (Brush In- 
struments, Dept. 712) 


™ VOLTAGE REFERENCE has a dual output 
of +50 v in one model and +36 v ina 
second. Total adjustment range is + 120 
mv around the nominal output voltage. 
Stability is +20 parts per million for 8 
hr and +50 ppm long-term over the 
load range 0 to 100 ma and input volt- 
age range 105 to 125 v. Temperature re- 
sponse is less than 2 ppm/°C at 25°C. 
The reference element is a Zener diode. 
Diode and preamplifier are contained in 
an isothermal oven. Calibration against 
an internal reference cell is provided. 
(Julie Research Laboratories, Inc., Dept. 
713) 


@OscILLOscoPE with 17-in. screen fea- 
tures 1 percent linearity on both x- and 
y-axes. Amplifier sensitivity is 10 mv up 
to 500 kcy/sec. Magnetic deflection is 
used. (Eastern Precision Resistor Corp., 
Dept. 714) 


®VACUUM-TUBE VOLTMETER measures 
over the frequency range 10 cy to 4 
Mcy/sec. Voltages from 0.001 to 300 v 
are measured in 12 ranges. Accuracy is 
stated to be +2 percent. Indication is 
r.m.s. value of sine wave. (Republic 
Electronic Industries Corp., Dept. 716) 





® THROMBELASTOGRAPH makes simultane- 
ous visual and photokymographic obser- 
vations of three different samples of 
blood or plasma, giving a permanent 
record of the coagulation process. The 
instrument automatically records changes 
in viscosity and elastic properties of the 
clot during all phases of the coagulation 
process. The tracings give a picture of 
the formation or reduction of fibrin as 
continuously obtained from a_ single 
blood sample. After specimens have 
been introduced, procedure is com- 
pletely automatic. (American Hospital 
Supply Corp., Dept. 721) 


™ CURRENT INTEGRATOR is designed for 
use with high-voltage particle accelera- 
tors. Current ranges from 3 na to 1 ma 
are covered by 12 switch settings. A pre- 
setting feature permits the device to pro- 
vide a warning signal when a specific 
amount of charge has been collected. An 
internal current source provides calibra- 
tion. (Elcor, Inc., Dept. 715) 


® VACUUM SLIDE RULE provides scales for 
calculations relating pump speed, vol- 
ume of system, pressure achieved, con- 
ductance of tubing, and evacuation time. 
Tables of unit-conversion factors and 
barometric-pressure-versus-altitude data 
are also included. (Central Scientific 
Co., Dept. 730) 


@GAUSSMETER is a_nuclear-magnetic- 
resonance instrument for measurement 
of strength and homogeneity of stable 
or slowly changing magnetic fields. The 
instrument consists of a probe, an oscil- 
lator, and an indicator. A standard probe 
covers the range 300 to 20,000 gauss. 
Probes for other ranges are available. 
The standard probe contains Li? and H? 
nuclei in a volume of 0.14 cm}, so that 
two distinct frequencies in separate fre- 
quency ranges are available. (Harvey- 
Wells Electronics, Dept. 726) 


™@x-y RECORDER uses two orthogonal 
mirror galvanometers to attain writing 
speeds greater than 2500 m/sec and fre- 
quency response flat to 100 cy/sec. 
Traces are recorded on ultraviolet-sen- 
sitive charts with recording area 8 by 8 
in. The light source is a high-pressure 
mercury arc. The traces are visible al- 
most immediately; exposure in normal 
room light completes the developing 
process. Standard photographic fixing 
processes may be used to make the 
record permanent. Inputs for each axis 
are supplied by interchangeable pream- 
plifiers. Basic sensitivities are 0.625 v/in. 
and 31.25 mv/in. with d-c coupling pre- 
amplifiers. (Sanborn Company, Dept. 
719) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 
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STISSUE CULTURE 


MINCING 
GRINDING 
TRANSFERRING 
TRYPSINIZING 
CULTIVATING 
STAINING 
STORAGE 
PLAQUES 
ROLLER CULTURES 
PIPETTING 

* DISPENSING 


BELLCO caters to your 
complete Glassware needs 


Write today for Catalog BS-2 
BELLCO GLASS INC. 


DEPT. 53 — VINELAND, NEW JERSEY 
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PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 
Mod. 540 





lines 


e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
@ Micro-fluorimetry with liquid volumes as low as 1 ml 
@ Low blank readings, strict linearity of instrument response 
e@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e High-sensitivity nephelometry for low degrees of turbidities 
@ Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N.Y. 














Baton 
Kymograph 


This is our standard large size kymograph, in which 
we have embodied many improvements suggested by Dr. 
Walton. It is substantially built and may be relied upon 
to give long service. 


The characteristics required in research or classroom 
demonstrations are featured in this kymograph. A com- 
bination of five gear shifts and a variable transformer 
Universal series motor makes available speed ranges of 
nine thousand to one. The approximate maximum speed 
is 400 cm. per minute and the minimum .045 per minute. 
Any speed within this range may be selected. 


The drum is 64 cm. in circumference and 30.5 cm. 
high. 


A support arm for mounting instrument support rods 
is provided. This arm pivots on and may be raised and 





















lowered along a column which is coaxial with the drum 
shaft. As many as four support arms may be mounted on 
this column. (One arm is normally included with each 
kymograph. ) 


Paper belt lengths up to approximately 275 cm. may 
be used. 


Cat. No. 70-102 


Price—The complete Kymograph as illustrated and 
described for 115 volts, 60 cycles A.C. 


PHIPPS ABIRD, inc. 


Manufacturers & Distributors of Scientific Equipment 


6th & Byrd Streets - Richmond, Va. 


PE: ca «a 
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work in the fields of the future at NAA 





OPERATIONS 
ANALYSIS 


Opportunities for operations 
research analysis covering the 
spectrum of weapon systems. 
Application of analytical 
techniques to determination 
of weapon systems perform- 
ance and effectiveness involv- 
ing tactical analysis, statistics, 
game theory, and nuclear 
physics. 


Facilities for research include 
new IBM 709, analog com- 
puter laboratory, and tactical 
gaming room. 


M.S. or Ph.D. in Engineering, 
Math or Physics preferred. 
B.S. or B.A. with exceptional 
experience or recent gradu- 
ates desiring this field are also 
encouraged to apply. 


For more information please 
write to: Mr. C.Q Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 





THE LOS ANGELES DIVISION OF N 


NORTH 
AMERICAN 
AVIATION, INC. 





-——PERSONNEL PLACEMENT ———, 








CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
box number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 
tion thereof. No charge for box 
number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROO7S on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C 


+e 00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 




















iii POSITIONS WANTED || 


Anatomist, Ph.D., 31; 5 years’ teaching-research 
professor, histology, embryology. Desires aca- 
demic affiliation affording cuportanity to pur- 
sue M.D. degree. Box 81, SCIENCE x 








Biochemistry-Physiology, Assistant Professor. 
Currently sabbatical replacement in high-rank- 
ing liberal arts college. Desires position in in- 
stitution preferably with graduate program and 
offering opportunities in research. Postdoctoral 
training (University of Chicago) and current 
research interests in protein and enzyme chem- 
istry. Married. Interview Spring Federation 
meetings. Available September 1959. Box 76, 

xX 


SCIENCE 


ili POSITIONS WANTED || 


Zoologist. Interests: invertebrates, limnology, 
parasitology. Teaching experience; publications ; 
pre- and postdoctoral fellowships. Desires aca- 
demic or research position. Box 66, SCIENCE. 








Research Administrator. Ph.D.; 18 years’ di- 
versified experience in chemical and biological 
research and technical administration; 8 years 
in pharmaceutical industry. Box 84, aioe 

4/10 





Research Administrator ; Ph.D. (major, organic 
chemistry ; minors, pharmacology, toxicology) ; 
broad experience as director of research and de- 
velopment. Medical Bureau, Burneice Larson, 
Director, 900 North Michigan, Chicago. xX 





Scientific Photographer, medical illustrator, su- 
pervising and teaching x-rays in six languages ; 
long experience in all fields, desires change (po- 
sition in science, education, industry). Excellent 
background, best references. Write Box 64, 
SCIENCE, 4/3 





Veterinarian, M.S., 35. Background in clinical 
pathology, small animal medicine, and research 
in bovine mastitis. Desires cme preferably 
academic, Box 71, SCIENCE X 


Iti] POStT1ONS OPEN lil 


Assistant Professor of Biology, Ph.D. for fully 
accredited liberal arts college in Midwest. 
Strength in botany preferred. Salary at least 
$5000 to start. Research encouraged but not re- 
quired. Box 85, SCIENCE. xX 











Assistant to Director of Research for expanding 
company in the East. Outstanding opportunity 
for scientist who prefers administrative work. 
Would be responsible for business aspects of a 
growing research division. Ph.D. or equivalent 
desirable. Experience in original laboratory work 
essential, preferably in pharmaceutical industry. 
Send résumé 8 education and experience. Box 
68, SCIENCE 4/3 








Botanist, woman, 7 years’ full- time teaching ex- 
perience, desires ‘teaching position in senior col- 
lege or university for summer of 1959. Radio- 
isotope research in plant physiology. Box 72, 
SCIENCE. 





Experienced Bacteriologist, Ph.D. Agricultural, 
household, medical, and pers also parasitol- 
ogy. Box 73, SCIENCE X 


Experimental Pathologist, D.V.M., Ph.D., 
teaching experience, publications, societies. De- 
sires primarily research position. Box 77, 


SCIENCE. 








Histologist, Ph.D., seeking teaching-research 
post in Canada, September 1959, Will assist in 
neuroanatomy ; eight — in histochem- 
istry. Box 83, SCIENCE. 4 





Medical Photographer (Chief) desires to relo- 
cate. B.S., -A.; 11 years’ experience in pho- 
tomicrography, patient and specimen photogra- 
phy; surgical and public relations motion pic- 
tures, sound and silent. Will organize new 
photography terorator or take over existing 
one. Box 79, SCIENCE. x 





M.D., Ph.D. (physiology), 32. American, mar- 
ried, ‘now completing internship, desires career 
in postclinical investigation. Broad interests; 
would enjoy some teachin Sees military obliga- 
tions. Box 56, SCIENC 3/20, 27; 4/3 


M.D., recent graduate experienced in histology, 
biology, desires research and/or teaching posi- 
tion in department of anatomy, biological sta- 
tion, and so forth, or to join research team in 
need of morphologist. Box 78, SCIENCE. 


Microbiologist, Ph.D., biochemical background, 
experience, publications, desires academic posi- 
tion. Box 69, SCIENC 


Microbiologist, Ph.D.; 6 years’ teaching, Re- 
search experience. Desires teaching-research po- 
sition. Box 82, SCIENCE. 


Ph.D., zoology; man, 20 years’ college experi- 
ence, Prefers liberal arts college. Box 
SCIENCE. 
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BACTERIOLOGIST 

Research 

An interesting position is open for a man 

or woman with a bachelor’s degree in 

bacteriology and from 2 to 4 years’ re- 

search experience. 

This position offers an opportunity to use 

your initiative and creative ability. Ex- 

cellent employee benefits and liberal 

vacation policy. Please send résumé to 
E. P. Bloch 

ARMOUR RESEARCH FOUNDATION 

of Illinois Institute of Technology 


10 West 35 Street, Chicago 16, Illinois 














Rinach, 


B ist or Physiologist. Biochemist or physi- 
ologist with biochemical orientation to partici- 
pate in studies on cardiovascular-renal physiol- 
ogy. Experience in tissue analysis and isotope 
techniques desirable. May Institute, 421 Ridge- 
way Avenue, Cincinnati 29, Ohio. 3/6, 4/3 


Botanist-Bacteriologist. Ph.D. or equivalent, to 
teach bacteriology and some botany. Rank of as- 
sistant professor. Write Professor W. B. Stall- 
worthy, Department of Biology, Mount Allison 
University, Sackville, New Brunswick, Canad sp" 

ew t 














Pharmaceutical Product and Development 
Supervisor to be responsible for independent 
research for the development of new and im- 
proved products. Future in a newly formed 
department. Experience in pharmaceutical 
production or development desirable. Submit 
résumé, available interview dates, and salary 
requirement, in confidence to Direvtor of 
Pharmaceutical Research, Anchor Serum 
Company, St. Joseph, Missouri. 











Physiology-Endocrinology, Ph.D. Assistant pro- 
fessor of cell, mammalian, endocrine vayeolosy- 
Academic or research. Box 75, SCIENCE, 





Psychologist, Ph.D., 5 years varied experience 
seeks research, clinical or academic position in 
New York City area, Box 65, SCIENCE. X 











Postdoctorate Traineeship with possible academic 
future in medical research concerning host re- 
sponses to infectious diseases : involving pathol- 
ogy, endocrinology, i logy and b 

try, at major eastern medical school; interest in 
experimental pathology for its own e essen 
tial, $5000-$6000. Box 70, SCIENCE, 4/10 
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(MMM POStrx0Ns OPEN lll 


(a) Clinical Microbiologist, Physician or Ph.D. 
Bacteriologist; duties include supervision of 
clinical bacteriology and research; one of coun- 
try’s leading clinics and teaching hospitals. (b) 
Pharmacologist, Ph.D., experienced in gastro- 
intestinal field; pharmaceutical company; up to 
10,500; East. (c) Psychologist to head psy- 
chological services in well-established child gui- 
dance clinic in metropolitan area, Southwest; 
staff of ten, research opportunity; minimum 
$9000. (d) Bacteriologist, Ph.D. or master’s, 
experienced in administration of clinical bac- 
teriology department; opportunity teaching and 
research; large new hospital, Florida. S3-5 The 
Medical Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. xX 











HARVARD MEDICAL SCHOOL—BOSTON 


Career Opportunity for Research 
Chemist (Female) 

Harvard position at Massachusetts 
General Hospital. Head chemist with pre- 
vious research experience to coordinate 
the work in a surgical research laboratory. 
Supervise eight junior research assistants. 
Four weeks’ vacation. Excellent health 
and pension plans. $4000-$5500 depend- 
ing on experience. 

Write Personnel Office, Harvard Med- 
ical School, 25 Shattuck Street, Boston. 

Many other excellent opportunities for 
both experienced and beginning female 
chemists. 




















NEW WORLD-WIDE SUMMER PLACE- 
MENT DIRECTORY, over 12,000 fascinating 
opportunities in all states, many foreign coun- 
tries. Complete verified information including 
salaries. Send f now. CRUSADE, Sci., 
Box 99, Station G, Brooklyn 22, N.Y. eow 





Postdoctoral Traineeship in Cardiovascular Re- 
search. Supported by National Heart Institute 
and American Heart Association. July 1959 to 
June 1960. Stipend $3800 plus. For details write 
Dr. W. F. Hamilton, Medical College of Geor- 
gia, Augusta, Georgia. 4/3 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free, 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 





Translators (Russian and Chinese to English). 
Specialists in all fields who can translate scien- 
tific material on full- or part-time basis at home. 
Applicants must have degrees in their specific 
fields, ep de o familiarity with technical ter- 
minology involved, and native command of Eng- 
lish. Consultants Bureau, Inc., 227 West 17 
Street, New York 11, New York. x 





UNIVERSITY OF ALBERTA 
Faculty of Agriculture y 

Applications are invited for a position in the 
Department of Plant Sci as te pro- 
fessor of horticulture. The starting salary will 
be approximately $8000 depending on qualifica- 
tions and experience. Postgraduate education 
equivalent to the Ph.D. in fields relating to im- 
provement and management of horticultural 
crops and subsequent experience are required. 
The person appointed will be involved with 
teaching, extension, and research in the field 
of horticulture. Adequate garden, laboratory, 
and greenhouse research facilities are available. 

Applications, accompanied by a recent pho- 
tograph or snapshot and giving age, nationality, 
and other personal information; list of publica- 
tions, and names and addresses of three refer- 
ences, should be submitted to the Head, Depart- 
ment of Plant Science, University of Alberta, 
Edmonton, Alberta, CANADA, Closing date: 
1 June 1959. 4/10 








UNIVERSIDAD NACIONAL DEL SUR 
Bahia Blanca, Argentina _ 

Applications are invited for the position of 
director of the Institute of Soil Science and 
Hydrology. Engagement by contract for from 3 
to 5 years. Salary to be arr: according to 
qualiffeations. Background in soil science re- 
quired. Applications are also invited from scien- 
tists in the tolinwing fields: (i) physical chem- 
istry of soils; (ii) chemistry of soils; (iii) soil 
classification; and (iv) soil microbiology, 16 
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The Market Place 


BOOKS + SERVICES » SUPPLIES » EQUIPMENT 





||| SUPPLIES AND EQUIPMENT ili 











DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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USE THIS EASY SELF-MAILER to obtain 
further information 


Sa 
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Information Requisition 


3 April 1959 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


pe eee ee ea ene 


(Please print or type) 
Mark, clip coupon—FOLD HERE along this line—mail 


Postage Stamp 
Necessary 

if Mailed in the 

United States 








BUSINESS REPLY MAIL 
First Class Permit #12711 New York, N.Y. 








Room 740 


} ae ; fa 
To: SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 


Fasten H 
Staple, Tape, Cine 
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AMERICAN-LINCOLN 


ANIMAL CAGES 


AAAS Publication No. 22 


and INCUBATORS 


tional Cancer Institute, 





Health Service 





@ American-Lincoln ani- 
mal cages of all 

ranging from single units 
to large four compart- 
ment sizes. Special cages, 
spare pans, racks, etc., 
built to order. Incuba- 


74%" x 11%”, 


tors for egg embryo and price 

container work used by 

America’s leading scien- 

tific institutions. 

Write for New Catalog 
AMERICAN-LINCOLN INCUBATOR CO. | 

New Brunswick, N.J. Dept. AS 


$3.50 retail 


AAAS 
1515 Massachusetts Avenue, NW 
Washington 5, D. 








MAMMARY TUMORS IN MICE 


By members of the staff of the Na- 
National 
Institutes of Health, U.S. Public 


Edited by FOREST RAY MOULTON 
double column, cloth, 
references, 20 tables, 52 illus. Pub- 
lished 1945—Now offered at reduced 


$3.00 prepaid orders by AAAS Members, 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 


Circle below desired number corresponding to: 


652 
719 


711 
721 


712 
7126 


713 
730 


714 715 716 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘“‘U”’ indicates upper ad, ‘‘L”’ 
lower ad, ‘‘l’’ inside ad, “‘*M”’ middle ad, and ‘‘O”’ outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement and Market 
Place are not keyed. A multiplicity of items is indicated by *. Readers are 
requested to specify on this coupon the particular item in which they are 
interested; otherwise, the request cannot be processed. 


0 859 0 860* 0 862* 0 863 0 864, 0 
0 864, Ul 0 864, Li O 865 0 866 0 867* 
D 868 0 870 0 906 0 907 0 908 
0 909, U 0 909,L O 910 O911,Ul 0 911,uU0 
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0 915,L 0 OBC 
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Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and AE pry of 


Bot prices. Welee Dept. Ase, CANNER’. 
Boston SO.) Massachusetts 
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* 
albino 
From the hand. of the veterinarian 


to research, 
HYPOPHYSECTPMIZED RATS 


* CHARLES RIVER CD (Caesarean-derived) 
* CHARLES RIVER SD (Sprague-Dawley 













descendants) 

* CHARLES RIVER W_ (Wistar descendants) 
Dept. B 1093 Beacon St. Brookline 46, Mass. 
Saeco a Chromatography 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
e HYPOPHYSECTOMIZED RATS 

SS to all points via Air Express 
° 


THE CHARLES: RIVER BREEDING LABS 

tion 

publication on new developments in gas 

of GLPC equipment. 

Box 313, Walnut Creek, California YEllowstone 5-1469 
‘urther information write 


HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 


lll PROFESSIONAL SERVICES |i 


Free toWRITERS 


seeking a book publisher 


Two fact-filled, illustrated brochures tell how 
to publish your book, get 40% royalties, na- 
tional advertising, publicity and promotion. 
Free editorial appraisal. Write Dept. S-4. 


Exposition Press / 386 4th Ave., N.Y. 16 














CONSULTATION, RESEARCH, 
DEVELOPMENT 
For Drug, Food, Cosmetic and Chemical Indastry 
CONTRACT PATHOLOGY RESEARCH. 
CLINICAL EXFOLIATIVE CYTOLOGY. 
INBRED & HYBRID QUALITY HAMSTERS. 
Contact without obligation 
BIO-RESEARCH CONSULTANTS 


9 Commercial Avenue, Cambridge, Mass. 
Un 4-8735 


F. Homburger, M.D., Director; P. Bernfeld, Ph.D., 
Director of Research; N. J. C. MacMillan, M. D., Path- 
ologist; R. Whitney, Ph.D., Director of Animal Production 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.Y. — One of nad Fg oer ty largest 
book publishers is seeking book-length manu- 
scripts of all types — fiction, non-fiction, poetry. 
Special attention to new writers. For more infor- 
mation, send . booklet 28A — . 's free. Vantage 
Press, 120 W 1 St., New York 1. (Branches in: 
Walhuatens B C., Chicago, Hollywood, Calif.) 


“OUR PREVIOUS AD 


created a great deal of interest, 
for which we are grateful. Addi- 
tional advertising in your magazine 

















is contemplated.” 
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- ADSID was formed by the United States Air Force to 
‘ y 
‘ plan and integrate the elements of the air defense 
system and to provide management guidance to the 
‘ : 
ENGINEERS agencies responsible for the development, production, 
, and operation of this system as it evolves during the 
é years to come. In this planning MITRE must take into 
? 
t 
: 4 account the threat, defense technology, and the 
: 
‘ nN noun C1 ng logistics of air defense in such a way as to achieve the 
3 
vy] best possible defense system, at minimum cost, for - 
4 s 
2 , ‘ : 
| we formation eee 
4 
‘ 
y All of the components of air defense —communications 
r 
- 0 systems, detection systems, data processing systems, 
§ 
and weapon systems — must be engineered and 
6 
¢ THE planned so that they are mutually compatible in both a 
‘ technical and a scheduling sense. 
‘ oS EO eee As technical advisor to ADSID, MITRE will require 
r 
} engineers and scientists with high qualifications in - 
- A NON-PROFIT CORPORATION ; ‘ 
4 the fields of ground-based and airborne radars; wire and 
j ORGANIZED TO PROVIDE ; ene : ‘ 
L radio communications, including voice, teletype, 
é 
, SYSTEM ENGINEERING SUPPORT TO a i a . ‘ 
: and data transmission facilities; data processing , 
} THE AIR DEFENSE SYSTEMS d ‘ 
: systems; computer facilities; manned interceptors; Y 
- INTEGRATION DIVISION ‘ADSID) 
and defense missiles. 
OF THE UNITED STATES 
AIR FORCE MITRE will also require the services of operations 
and analysis engineers and logistics planners for 
s 
production and system scheduling. 
: 
r 
§ ‘ 
‘ Specialists are invited to make confidential 
inquiries by contacting the Personnel Director of 
The MITRE Corporation, 244 Wood Street, 
Lexington 73, Massachusetts. 
= 
Z 
4 * 
‘n f 
‘uy S awe” 




















Thoms -Schoniger 


LOW PRESSURE, ALL GLASS 
COMBUSTION APPARAT 


'e For determination of halogens, sulfur, phosphorus, 
traces of metals, etc., in organic materials 


e End products free from metal contaminants 


e Rapid, simple and inexpensive 


...asimplified technique for catalytic combustion 
of organic materials in oxygen 


For the rapid determination of halogens, sulfur, 
phosphorus, traces of metals, etc., in organic 
substances by simple combustion in oxygen. 
No elaborate equipment is required, negligible 
pressure is produced and the combustion prod- 
ucts are free from metallic contaminants. 


The procedure simply converts organic materials 
into soluble combustion products, which are then 
analyzed for chlorine, bromine, iodine, fluorine and 
sulfur by usual inorganic gravimetric or volumetric 
methods. 

Consisting of a heavy wall, conical flask of boro- 
silicate glass, with deep, bell-shape flaring lip and 
elongated interchangeable ground glass stopper 
with attached U-shape platinum wire gauze sample 
carrier, and small, specially cut, unsized low ash 
paper sheets which serve as holders for the sample. 

In use, the sample is wrapped and folded in the 
paper with the narrow tail extending for ignition. 
Sample is then placed in the platinum carrier and 
the flask is charged with a small amount of absorb- 
ing liquid as required for the specific reaction and 





IGNITION 
POINT 


SAMPLE 


SAMPLE IN 


PLATINUM 
SAMPLE CARRIER 


ABSORPTION 
| 


STOPPER WITH 
WRAPPED IN § GROUND JOINT 


PAPER HOLDER 











A.H.T. CO. 


PHILA. USA 


LABORATORY APPARATUS 


with free-flowing oxygen. The paper tail is then 
ignited; the stopper with flaming sample is seated 
in the flask and flask then inverted at an angle. 
The catalytic combustion proceeds at high tem- 
peratures and the combustion products are ab- 
sorbed in the liquid, which forms a seal around the 
stopper. After cooling, the inside surfaces of the 
flask and stopper are thoroughly rinsed. Titrations 
can then be made directly in the flask. 

Due to the inherent fragility of glass in the 
presence of reduced pressure, general safety regula- 
tions should be followed, such as the use of shield, 
goggles, etc. 

Results compare favorably, i.e., within +0.3%, 
with conventional combustion or decomposition 
methods. The method has been used extensively 
for analysis of the above elements but, because of 
the low cost, time and space saving features, is 
finding wide use for other substances which undergo 
complete combustion. 

See Wolfgang Schéniger, Mikrochimica Acta, 
1955, Heft 1, pp. 123-129; and ibid. 1956, Heft 1-6, 
pp. 869-876. See also Kenneth D. Fleischer et al, 
Analytical Chemistry, Vol. 30, No. 1 (Jan., 1958), 
pp. 152-153, and Ihor Lysyj and John E. Zarembo, 
Analytical Chemistry, Vol. 30, No. 3 (Mar., 1958), 
pp. 428-430. 


6470-E. Combustion Apparatus, Thomas-Schoniger (Schoniger 
Flask), as above described, 300 ml capacity, for samples up to 
10 mg. With No. 34/28 standard taper stopper and platinum wire 
gauze sample carrier weighing approximately 1.5 grams, 100 
Paper Sample Holders and directions for use 

6470-G. Ditto, similar to 6470-E but with 500 ml flask, for 
samples up to 100 mg. .ccesccccccccccccesccesce +. 29.00 
6471-F. Paper Sample Holder, only, an unsized, low ash paper, die-cut 
. —— wrapping, folding and igniting samples. 

er 


Thorin Indicator, for use with above in determination of sulfates. 
Per 5 gram bottle 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on ie 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 








